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PKEFACE 


In  the  following  manual  I  have  endeavoured  to  give 
some  account  of  those  portions  of  Bacteriology  which  are 
of  especial  interest  in  clinical  medicine  and  hygiene.  The 
preparation  of  tissues,  methodB  of  culture,  deBcriptions  of 
pathogenic  organisms  and  their  detection,  the  examination 
of  water,  &c.,  have  therefore  been  given  at  some  length. 
Ab  it  would  be  impoBstble  in  the  space  at  my  diBfTosal  to 
include  everything  relative  to  the  subject,  a  selection  has 
had  to  be  made,  and  such  details  as  the  celloidin  method, 
Lofiler's  stain  for  flagella,  the  strictly  animal  parasitic 
diseasea  (with  a  few  exceptions),  S^c,  have,  among  others, 
been  omitted. 

At  the  end  of  the  sections  dealing  with  the  pathogenic 
organisms  which  attack  man,  some  dii'ections  have  been 
given  for  the  bacteriological  clinical  diagnosis  and  examina- 
tion, but  these  are  in  no  way  exhaustive ;  in  fact,  it  would 
not  be  possible  in  a  short  work  to  give  a  scheme  of  examina- 
tion which  would  cover  every  case.  These  directions  will 
also  render  the  book  of  service  in  the  laboratory,  while  I 
venture  to  hope  that  the  details  given  in  the  Appendix  on 
the  use  of  the  remedies  and  diagnostic  agents  of  bacterial 
origin  may  be  of  value  to  the  practitioner. 
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BACTERIOLOGY 


INTRODUCTION. 


Bacteriology  is  Ihttt  lirancli  of  Biolrtj^y  which  deals 
with  the  study  of  Micro- organisms,  particularly  the  uiiiiute 
vegetable  organisinB  known  as  Bacteria.  The  scope  of 
bacteriology  is  difficult  to  define  exactly,  the  term  often 
being  used  in  a  comprehensive  sense  equivalent  to  micro- 
pathology,  or  even  micro-biology,  lor  all  inveatigationH 
connected  with  micro-organisms,  animal  and  vegetable, 
may  l»e  included  mider  it.  So  exteimive,  liowover,  has  the 
subject  Itecome  that  the  animal  micro-organiBms  are  now 
l>eing  studied  as  a  separate  branch,  Protozoolo(iy.  Bae- 
teriobtgy  deals  with  micro-organisms  particularly  in  their 
relation  to  processes — disease,  fermenUition,  putrefaction, 
iind  the  like — while  their  structmet  functions,  and  life- 
history  are  to  a  large  extent  left  to  the  botanist  and 
soologiat.  There  is  no  space  in  a  work  of  this  kind  to 
enter  into  the  history  of  the  science,  but  the  names  of 
Leeuwenhoek  (1675),  Midler  (178(5).  Schwann  (1837),  Cohn. 
Pasteur,  Lister,  and  Koch  will  ever  hold  an  honourable 
place  hi  its  annals. 

The  study  of  micro-organisms  must  always  be  of 
considerable  importance  in  general  biology,  for  their  vital 
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phenomena  are  comparatively  simple,  and  throw  much 
light  on  the  more  complex  proceBsea  occurring  in  the  higher 
orders  of  living  heings.  Weismann  based  his  theory  of 
heredity  on  the  fundamental  conception  of  the  immortality 
of  these  imicellular  organisms.  Excluding  accidents,  they 
are  immortal — they  reproduce  themselves  by  a  process  of 
simple  division,  an  individual  dividing  into  two,  and  two 
daughter  forms  taking  the  place  of  the  original  parent  one, 
and  although  the  parent  has  disappeared  yet  there  has 
been  no  death,  no  dissolution ;  its  protoplasm  or  living 
material  is  still  existent  in  its  progeny  and  is  immortal, 
since  this  process  of  reproduction  apparently  may  go  on 
indefinitely.  Moreover,  the  study  of  the  possibility  of  the 
transformation  of  species  of  micro-organisms  is  likely  to 
throw  light  on  the  theory  of  evolution.  Organisms  such 
as  bacteria  multiply  so  rapidly  that  fifty  or  sixty  genera- 
tions may  be  developed  in  thirty  hours,  a  number  which 
would  take  years  to  attain  if  even  the  most  rapid  breeder 
among  mammals  were  the  subject  of  experiment,  and  as 
they  occur  in  vast  numbers  there  is  a  wide  field  for  varia- 
tion. These  are  some  of  the  points  of  the  relation  of 
micro-organisms  to  general  biology. 

In  what  may  be  termed  the  economy  of  nature  micro- 
organisms are  all-important,  without  them  there  would  be 
no  putrefaction,  no  decay,  and  the  dead  remains  of  animal 
and  vegetable  life  would  so  accumulate  as  to  encumber 
the  earth,  which  would  become  sterile  for  the  want  of  the 
organic  matter  originally  derived  from  it,  but  of  which 
there  was  no  return.  In  fact  the  higher  plants,  and 
indirectly,  therefore,  animals  also,  are  dependent  for  their 
existence  upon  the  presence  of  bacteria  in  the  soil,  which 
break  up  and  render  assimilable  complex  substances  pi-e- 
sented  to  them  as  manures. 

The  question  of  life,  animal  and  vegetable,  without 
bacterial  activity  is  an  important  and  interesting  one.     It 
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would  seem  from  the  experiments  of  Duclanx^  that  the 
higher  plants  in  ordinary  circumstances  are  unable  to 
obtain  nutriment  unless  the  complex  compounds,  proteins, 
urea,  and  nitrogenous  bodies,  which  form  the  important 
constituents  of  many  manures,  are  broken  down  into 
simpler  ones  through  the  agency  of  bacteria.  He  sowed 
seeds  in  sterile  soil  free  from  nitrates,  nitrites,  and  am- 
monia, which  was  plentifully  watered  with  sterile  milk  and 
solutions  of  sugar  and  starch.  No  changes  occurred  in 
these  substances,  the  seeds  lost  weight,  and  the  seedlings 
dwindled  and  died.  As  regards  the  higher  animals  various 
views  have  been  expressed.  Pasteur  considered  that  their 
life  also  would  probably  be  impossible  without  the  presence 
of  bacteria  in  the  intestinal  tract.  Nencki  expressed  the 
opinion  that  this  idea  of  Pa8tear*s  was  an  erroneous  one, 
and  his  experiments  in  conjunction  with  Macfadyen  and 
Sieber '  showed  that  any  considerable  decomposition  of  the 
food  by  bacteria  first  takes  place  in  the  large  intestine,  and 
that  the  digestive  juices  alone,  without  the  co-operation  of 
bacteria,  are  able  to  prepare  the  constituents  of  the  food 
for  absorption.  Nuttoll  and  Thierfelder  obtained  unborn 
guinea-pigs  by  CsBsarian  section  with  antiseptic  precautions, 
and  afterwards  kept  them  in  a  sterile  environment  and  fed 
them  on  sterilized  food.  Not  only  did  the  animals  live,  but 
they  were  even  in  a  more  thriving  condition  than  those 
naturally  brought  up.  The  intestinal  tract  was  found  to 
]ye  sterile  on  the  eighth  day.  On  the  other  hand,  Schottelius 
found  that  chickens  reared  on  sterile  food  were  retarded  in 
development,  and  experiments  by  Moro  on  turtle  larvae  lead 
to  the  same  conclusion,  viz.  that  intestinal  bacteria  are 
necessary  for  normal  nutrition.  Levin,  however,  found 
that  the  intestinal  tract  in  many  Arctic  animals,  the  polar 
bear,  reindeer,  seal,  eider  duck,  &c.,  is  generally  sterile,  and 

*  Comp.  Rend.  T.  100.  p.  66. 

*  Joum.  of  Anal,  and  Phyaiol.  xxv.  p.  390. 
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in  these  instances,  therefore,  hacteria  are  not  required  for 
normal  nutrition. 

Commercially  micro-organisms  are  of  the  utmost  im- 
l)ortance.  Without  them  there  would  be  no  fermentation, 
and  the  wine,  beer,  and  indigo  industries,  the  ripening  of 
cheese  and  tobacco,  and  many  like  processes  would  be 
non-existent.  From  a  financial  aspect  also  micro-organisms 
cannot  be  ignored,  for  many  of  the  so-called  '  diseases '  of 
beer  and  wine,  which  often  occasion  great  loss,  are  due  to 
the  entrance  of  adventitious  forms,  while  the  silk  industry 
and  sheep  farming  in  France  were  once  threatened  with 
extinction  owing  to  the  ravages  of  pebrine  and  of  anthrax 
respectively,  but  through  the  genius  of  Pasteur  were 
restored  to  their  former  prosperity.  There  is  no  need  to 
emphasize  the  importance  of  micro-organisms  from  a 
medical  and  hygienic  point  of  view,  but  the  fact  may  be 
recalled  that  fifty  years  ago  the  mortality  after  operations 
was  very  high,  and  that  40  per  cent,  of  these  deaths  were 
caused  by  pysemia,  septiciemia,  and  hospital  gangrene,  con- 
ditions which  are  due  to  the  entrance  of  micro-organisms, 
and  which  are  now  almost  preventible,  thanks  to  the  anti- 
septic system  introduced  by  Lord  Lister. 

The  theory  of  spontaneous  generation  or  abiogenesis 
is  intimately  connected  with  the  study  of  bacteria.  The 
putrefaction  of  animal  and  vegetable  fiuids  even  after  boil- 
ing, and  the  growth  in  them  of  minute  living  forms,  were 
held  by  many  to  be  a  sure  proof  of  the  development  of  life 
from  inanimate  matter,  of  the  spontaneous  generation  of  the 
living  from  the  non-living.  A  succession  of  investigators, 
however,  showed  (1)  that  if  the  fiuids  were  boiled  sufficiently 
long,  and  then  sealed  up  so  as  to  prevent  the  access  of  air, 
they  did  not  undergo  putrefaction  ;  (2)  that  the  sealing  up 
could  be  dispensed  with,  provided  the  air  were  first  filtered 
through  cotton-wool  before  being  admitted  to  the  fiasks ; 
(3)  that  even  the  cotton-wool  was  not  needed  if  the  air 
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were  passed  slowly  through  a  long  and  tortuous  channel, 
HO  as  to  deiH)»it  its  solid  pKrticles.  Tyndall  Hliowed  that 
putrescible  fluids  might  be  exposed  in  open  vesHels  in  a 
closed  chamber  in  whicli  the  air  had  been  undisturbod  for 
some  time  and  its  solid  particles  thereby  deposited  on  the 
walls  of  the  chamber,  which  had  been  smeared  with 
glycerin  ;  he  also  proved  that  vegetable  iiifuhionn  and  the 
like,  which  putrefied  after  having  been  boiled  for  ten 
minutes,  did  not  do  so  if  tlie  boiling  were  repeated  on  two 
or  three  successive  days,  and  explained  this  by  the  sup- 
position, that  while  the  fully  developed  Ijacteria  were 
destroyed  by  the  first  boiling,  their  more  resistent  spores 
remained  alive,  but  these  on  being  left  for  twenty-four 
hours  germinated  int-o  the  less  rcsiateiit  bact-orial  forms, 
whicli  were  destroyed  by  the  second  Ijoiling,  and  by  the  re- 
l>etition  of  tlie  process  complete  sterilization  was  ultimately 
obtained.  It  is  this  process  of  '  discontinuouH  steriliKation,' 
OB  it  is  termed,  which  is  employed  by  the  bacteriologist  for 
the  preparation  of  sterile  culture  mediaJ 

The  idea  of  abiogenesis  (or  as  he  prefers  to  term  it, 
archebiosis)  has  recently  l)een  revived  by  Bastian.  lie 
claims  that  certain  vegetable  infusions  and  saline  boIu- 
tions  which  have  been  boiled  or  even  heated  above  the 
builiug-point  in  sealed  tubes  after  a  time  show  the  develop- 
ment of  various  living  organisms  including  bacteria  and 
yeasts.- 

Dunbar,^  as  the  result  of  a  aeries  of  ex^^eriments  con- 
ducted over  a  long  |)eriod  and  with  every  care  to  prevent 
contamination,  has  come  to  the  eouclusion  tliat  the  bacteria 
are  not  an  indei>endent  group  lA  organisms,  but  that  the 

'  The  «ri(«r  b«lieves  that  this  explanation  is  only  partially  true,  auti 
would  ascribe  some  of  the  sterilizing  effect  of  repeated  heatings  aimply  to 
the  injurious  actiou  of  allcrnatc  heating  and  cooling. 

'  See  various  paiieis  in  the  Vroc.  Uuf/.  Hvc.  I^ond.  and  Tlw  KutUution  o/ 
Lije.  Meihtic-n.  1907. 

'  See  Joum.  Rt*y.  Inat.  ^»6.  Health,  xv.  No.  11.  m07.  p.  679. 
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bacteria,  yeasts  and  moulds  are  stages  in  the  life-history 
of  green  algse.  The  observations  were  carried  out  both  by 
culture  methods  and  by  microscopical  examination.  A 
culture  of  a  single-celled  alga  belonging  to  the  Palmellacea 
was  obtained,  but  by  modifying  the  culture  medium  in 
which  a  pure  culture  of  the  alga  was  growing,  by  the 
addition  of  acid,  of  alkali,  or  of  traces  of  copper  salts,  other 
organisms,  generally  bacteria,  occasionally  moulds  and 
yeasts,  and  even  spirochaetes,  made  their  appearance. 
Granting  that  there  is  no  flaw  in  the  experimental  methods, 
and  every  care  seems  to  have  been  taken  to  exclude  con- 
tamination, &c.,  the  results  are  susceptible  of  another 
explanation,  viz.  that  the  secondary  growths  were  derived 
by  transformation  of  the  algal  cells,  in  fact  by  the  pheno- 
menon of  heterogenesis  which  has  been  claimed  by  Bastian 
to  occur. 

Doubtless  immense  progress  has  been  made  during  the 
last  two  or  three  decades,  but  a  vast  amount  still  remains 
to  be  done.  We  have  only  touched  the  fringe  of  the 
explanation  of  the  difficult  problems  of  immunity,  of  the 
extraordinary  variations  in  virulence  and  effects  of  the  same 
organism,  and  of  the  important  question  of  cure  in,  and 
prevention  of,  infective  diseases,  while  the  chemistry  of  the 
products  of  bacterial  activity  is  still  in  its  infancy. 

The  hterature  of  Bacteriology  is  now  becoming  somewhat 
extensive.  In  the  following  pages  a  good  many  references  to 
original  papers  have  been  introduced,  so  that  further  information 
may  be  obtained  if  required,  the  aim  being  as  far  as  possible  to 
refer  to  easily  accessible  papers  which  contain  a  more  or  less  full 
bibliography  on  a  particular  subject. 

The  English  journals  containing  papers  on  bacteriology  are 
the  *  Journal  of  Pathology  and  Bacteriology,'  '  The  Lancet,' 
'  The  British  Medical  Journal '  and  its  useful  Epitome,  and 
the  provincial  medical  journals  ;  '  The  Medico-Ghirurgical '  and 
'  The  Pathological '  Societies'  Transactions  (now  merged  in  the 
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'  Transactions '  and  '  Proceedings  of  the  Royal  Society  of  Medi- 
cine '),  the  *  Proc^edingB  *  and  '  Transactions  of  the  Royal  Society 
of  London/  the  'Journal  of  Hygiene,'  the  'Journal  of  the  Royal 
Microscopical  Society*  (abstracta),  the  'Journal  of  the  Royal 
Institute  of  Public  Health  '  (hygienic),  the  '.Tournnlof  Compani- 
tive  Pathology  and  Therapeutics  '  (veterinary),  and  the  *  Browors* 
Journal '  (fermentation  <tc.)  In  America  the  medical  journals, 
the  '  Journal  of  Experimental  Medicine,*  the  *  Journal  of 
Medical  Research,'  and  the  '  Journal  of  Infectious  Diseases,'  also 
contain  valuable  bacteriological  papers.  The  French  journals 
are  the  '  Annales  de  Tlnstitut  Paateur,'  the  *  Btilletin  de  I'lnstibut 
Pasteur  *  (abstracts),  and  various  medical  journals.  In  German, 
the  *Centralblatt  fur  Baktcriologie  und  Paraslieukunde  '  (both 
parts),  '  Zeitsohrift  fiir  Hygiene,'  '  Hygieniache  Rundschau/  and 
the  medical  journals  generally.  Baumgarten's  annual  'Jahres- 
bericbte'  (pathogenic  organisms)  and  Koch's  annual  'Jahres- 
bericbt  '  (fermentation  ilc.)  give  valuaLlo  epitomes,  but  the 
papers  referred  to  are  a  year  or  two  old. 

A  very  full  bibliography  is  given  in  Sternberg's  '  Manual  of 
Bacteriology '  (up  to  lH*j;-{),  in  Fluggo'd  *  Die  Microorganiymon,' 
and  in  Kolle  and  Waasermann's  '  Handbuch  der  Pathogenen 
Mikroorganismen,'  the  moat  encyclopjudtc  work  on  this  branch 
of  bacteriology  yet  published.  The  volumes  of  the  'Index 
Catoiogne '  of  the  Surgeon-General's  Libniry  at  Washington 
may  also  be  consulted.  A  valuable  bibliography  will  be  found 
appended  to  the  various  articles  in  CliffoFd  AUbutt's  '  System  of 
Medicine.' 

An  index  to  current  literature  will  be  found  in  the  volumes 
of  the  '  Index  Medicus,'  and  to  papers  a  year  or  so  old  in  the 
'  Intemational  Catalogue  of  Scientific  Literature/ 

For  the  determination  of  species  of  bacteria  OhL'ster'^  '  Manual 
of  Determinative  Bacteriology'  (Macmillan,  1&03)  will  !«  found 
invaluable.  He  auggevSts  a  nomenclature  for  th<>  description  of 
cultural  characters  kc.  which  it  would  be  very  convenient  to 
Adopt.  It  includes  a  Bibliography  of  all  the  forms  described. 
The  *  Atlas*  of  Lehmaun  and  Neumann  (Saunders)  is  also  very 
miefuL 
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CHAPTER  I. 

THE  NATURE,  STRUCTURE,  AND  FUNCTIONS  OF  TUB  BACTERIA: 
TUEIR  CLASSIFICATION,  OENEBAL  BIOLOGY,  AND  CUEMISTRY 
— BAOTERU    AND    DISEASE. 

The  Bacteria  or  Schizomycetes  ('  iission  fungi  *)  are 
minute  vegettible  organisms  for  the  most  part  unicellular 
and  devoid  of  chlorophyll,  which  multiply  by  simple  trans- 
verse division  or  fission  ;  this  distinguishes  them  from  the 
yeasts,  in  which  multiplication  takes  place  by  budding  or 
gemmation.  A  certain  number  of  iilamentous  forms  are 
also  included,  serving  to  connect  the  unicellular  ones  with 
the  multicellular  true  fungi.  Their  relation  to  the  other 
lower  plants  is  shown  in  the  following  scheme : 

Thftllophyta  (lower  plants  without  tibro- vascular  bundles,  and  with  no 
distinction  between  root  and  stem) 


Formn  with  chlorophyll 
(Algffi,  desmids,  Ac.) 


MulticoUalar.    Spores  in 

differentiated  cellH  or  spore* 

bearing  organs.    Fre<juently 

a  sexual  method  of  reproduction 

The  true  Fungi  and  moulds 


Forms  without  chlorophyll 
I 

1 

Unicellular.     Hpores  frequently 
absent.     Spore -l]«aring  cells  not^ 

or  but  slightly,  differentiated. 
No  form  of  sexual  rupruduetion 


(Uyphomycctes)     Reproduction  i>y  iissioii 

The  Schizomycctcs  or 
Uactcriu 


Reproduction  by 

budding 

I 

The  iJlastoniy cotes 

or  Yeasts 
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The  unicellular  plants  are  sometimes  termed  the  Froto- 
phyta.  It  must  be  understood  that  there  are  connecting 
links  between  the  different  groups,  and  that  there  is  no 
sharp  line  of  demarcation  between  them. 

The  size  of  the  Bacteria  is  variable,  but  they  are  all 
microscopic,  measuring  from  0*8/*  to  30-40/i  in  diameter  or 
in  length.  Their  shape  likewise  is  very  different  in  the  dif- 
ferent species ;  some  are  spherical,  others  ovoid,  others  rod- 
shaped  or  filamentous,  while  in  some  the  rod  or  filament 
is  twisted  into  a  spiral.  The  bacterial  cell  consists  of  a 
cell-membrane  enclosing  the  transparent,  more  or  less 
structureless  living  matter  or  protoplasm,  the  cell-plasma 
or  cytoplasm.  The  cell-membrane  in  a  few  species  may 
be  composed  of  cellulose,  but  in  the  majority  it  consists 
of  a  protein  substance.  Biitschli  has  described  the 
bacterial  plasma  as  having  a  reticular  structure,  but  in  the 
young  cell  this  is  probably  either  an  artifact  or  a  *  false 
image '  due  to  faulty  illumination  ;  the  most  that  can  be 
seen  is  a  fine  granulation.  The  protoplasm  frequently 
contains  larger  granules  composed  of  fatty  or  protein 
matter,  pigment,  and  in  some  species  of  sulphur.  Occa- 
sionally certain  granules  stain  blue  with  iodine.  One  to 
three  spherical  granules  are  also  present  in  each  cell ; 
these  seem  to  take  part  in  the  division  of  the  cell  (see 
below),  and  if  the  latter  be  stained  with  a  very  dilute 
mixture  of  roseine  and  methylene  blue  are  coloured 
pink,  contrasting  with  the  rest  of  the  protoplasm,  which  is 
stained  blue. 

Unless  the  roseine-staining  granules,  just  mentioned, 
be  regarded  as  such,  no  nuclear  structure  is  present  in  the 
cell,  nor  does  the  theory  which  regards  the  bacteria  as 
primitive  nuclei  almost  devoid  of  protoplasm  seem  to  be 
tenable.  The  protoplasm  when  dead,  according  to  Nencki, 
differs  from  ordinary  protein  matter  in  not  being  precipi- 
tated by  alcohol  and  in  not  containing  sulphur;   it  was 
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termed  by  him  *  myko-protein.'  This  does  not  appear  to 
be  the  case  with  the  proteins  obtained  by  grinding  bac- 
terial cells,  which  seem  to  agree  with  other  proteins  in 
heat-coagulation  &c. 

The  cell-membrane  is  usually  invisible,  but  if  the  cell  is 
treated  with  salt-solution  (2-5  per  cent.)  plasmolysis  takes 
place,  the  protoplasm  shrinking  away  from  the  membrane, 
which  then  becomes  visible.  It  can  also  be  stained  in  vivo 
with  very  dilute  solutions  of  roseine.  The  cell-membrane 
sometimes  becomes  thickened,  swollen,  and  gelatinous  on 
its  outer  surface,  forming  a  layer  or  so-called  '  capsule ' 
around  the  organism.  When  large  groups  of  bacteria 
become  thus  encapsuled,  they  adhere  together  in  a  sort  of 
jelly-like  matrix,  forming  what  is  known  as  a  *  zoogkea.* 
The  clear  spaces  frequently  seen  around  bacterui  in  dried 
and  stained  preparations,  especially  in  those  from  blood 
and  lymph,  are  generally  artifacts  and  not  true  capsules. 
In  Cladothrix  and  some  other  forms  the  cell-membrane 
becomes  hardened,  leading  to  the  production  of  a  Urm 
sheath. 

All  species  of  bacteria,  but  especially  the  smaller  ones, 
when  suspended  in  a  fluid  exhibit  what  is  known  as 
Brownian  movement,  consisting  of  an  oscillation  with  some 
amount  of  rotation  about  a  fixed  point,  but  there  is  little 
actual  movement  of  translation,  unless  due  to  flotation. 
This  Brownian  movement  is  physical  and  not  vital  in 
nature,  and  occurs  with  all  fine  particles  suspended  in  a 
fluid,  and  must  be  clearly  distinguished  from  a  true  vital 
motility.  Some  bacteria  are  always  motionless,  others  are 
more  or  less  motile,  but  these,  too,  have  a  resting  stage. 
For  motility  to  occur  the  cells  must  be  young,  and  the 
conditions  favourable  to  growth  and  development.  Motility 
seems  to  be  due  to  delicate  protoplasmic  threads  termed 
tlagella  connected  with  the  outer  layer  of  the  cell  proto- 
plasm ;  these  vibrate  to  and  fro  and  propel  the  organism 
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through  the  medium.  A  cell  will,  however,  move  in- 
differently in  either  direction ;  if  a  motile  org^ism  be 
watched  it  will  often  be  seen  to  proceed  rapidly  in  one 
direction,  stop,  and  then  return  without  turning  round. 
The  flagella  are  not  visible  in  the  living  state,  unless  dark 
ground  illumination  with  a  paraboloid  be  used,  nor  by  the 
ordinary  methods  of  staining,  unless  previously  treated 
with  a  mordant,  and  are  extremely  liable  to  be  broken  off. 
They  vary  considerably  in  number  and  in  length ;  some 
organisms  have  but  a  single  flagellum  at  one  pole  {moiw- 
trichic),  e.g.  Bacillus  pyocyaneus,  others  have  two  or 
more  flagella  forming  a  brush  or  tuft  (lophotrichic),  e.g. 
Spirillum  rubrum,  while  others  may  be  almost  entirely 
covered  with  them  (peritrkhic),  e.g.  B,  typhosus  ;  in  some 
the  flagella  are  short  and  straight,  and  in  others  long  and 
twisted.  The  motility  of  organisms  does  not  necessarily 
depend  directly  upon  the  number  of  ffagella  they  possess, 
an  organism  with  a  few  tiagella  being  often  more  active 
than  another  possessing  many,  and  some  are  apparently 
non-motile,  though  well-marked  flagella  can  be  demon- 
strated. Generally  speaking,  however,  an  organism  with 
several  flagella  will  be  more  motile  than  a  similar  form 
with  a  few.     (See  also  Chap.  IV.) 

Darwin  says,  '  In  looking  at  nature  it  is  most  necessary 
never  to  forget  that  every  single  organic  being  may  be  said 
to  be  striving  to  the  utmost  to  increase  in  numbers,*  and  in 
no  group  perhaps  of  the  animal  and  vegetable  kingdoms  is 
this  more  marked  than  among  the  bacteria.  Reproduction 
is  entirely  non-sexual,  and  takes  place  in  two  ways — by 
simple  division  or  fission  and  by  spore  formation.  Repro- 
duction by  transverse  fission  is  common  to  all  bacteria  ; 
the  bacterial  cell  becomes  constricted  at  its  middle  and 
finally  separates  into  two  parts,  and  thus  two  young 
cells  take  the  place  of  the  parent  one ;  reproduction  by 
fission  is  therefore  also  an  increase  in   numbers.     The 
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fission  is  always  transverse,  never  longitudinal/  the  rule 
being  in  cell-division  that  the  new  membrane  is  formed  in 
the  most  economical  manner.  Longitudinal  division,  on 
the  other  hand,  seems  to  be  very  common  among  the 
Protozoa.  Previous  to  division  the  rod  forms  become 
elongated  and  the  spherical  ones  ellipsoidal,  and  there 
is  an  increase  in  the  number  of  the  roseine-staining 
granules,  partly  by  division  of  pre-existing  ones  and  partly 
by  new  formation.  The  constriction  in  the  majority  of 
cases  involves  and  passes  through  one  of  the  granules.  In 
the  monotrichous  and  lophotrichous  bacteria  it  is  always 
the  non-flagellated  end  of  the  dividing  cell  which  bears 
the  flagella  of  the  new  cell.  Under  favourable  conditions 
reproduction  may  be  very  rapid,  fission  occurring  every 
twenty  or  thirty  minutes  (Klein),  so  that,  the  increase 
being  in  a  geometrical  ratio,  the  number  of  individuals 
which  might  arise  from  a  single  bacterium  in  three  or  four 
days  is  almost  inconceivable,  and  would  C7i  vmsse  weigh 
thousands  of  tons ;  fortunately,  there  any  many  checks 
to  such  a  rapid  multiphcation.  Frequently,  although  the 
protoplasm  divides,  the  division  of  the  cell-membrane  is 
incomplete,  resulting  in  a  loose  union  of  the  cells  with  the 
fornmtion  of  a  pseudo-filament.  These  filaments  often 
become  much  curved  and  twisted,  forming  tangled  masses, 
owing  to  fission  taking  place  in  the  cells  in  the  middle  of 
the  filament  as  well  as  at  the  ends,  so  that  the  filaments 
have  to  become  curved  to  make  room  for  the  new  cells. 

Beproduction  by  spore  formation  is  met  with  in  some 
species,  and  is  generally  described  as  being  of  two  kinds. 
In  the  first,  '  endogenous  *  spore  formation,  a  bright  refrac- 
tile  round  or  ovoid  body  is  formed  within  the  bacterial  cell, 
the  development  of  which  can  be  watched  under  the  micro- 

*  Longitudinal  diviuion  has  been  def>oribed  in  a  few  specieB,  but  its 
occurrence  is  so  rare  that  a  doubt  must  arise  us  to  whether  thet>c  forms  are 
true  bacteria. 
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Bcope.  RowUviid  describeB  the  proceR.s  ai  spore  forinatiou 
as  follows  :  refiactile,  oily-looking  ilroplotB,  which  do  not 
slain  with  roseine,  appt^ar  and  altinuitely  coalesce,  forming 
tho  aiH)re.  Tlie  cell-phiHUia  at  tlin  same  time  diiuinirtheB 
and  retracts  from  tlie  cell-iuembrane.  The  roBeine-staiiung 
granules  increase  iii  number  and  aggregate  into  two  spheri- 
cal masses,  which  dispose  themselves  one  at  ejudi  end  of  the 
cell.  The  cell-membrane  collapses  somewhat,  and,  when 
the  spore  is  fully  formed,  ruplnres  transversely^  leaving  two 
cup-shaped  receptacles,  in  which  the  granules  and  remains 
of  the  plasma  are  still  recognizable.  Spores  are  single, 
one  only  forming  in  eacli  cell,  and  they  seem  to  fulfil  the 
purjK)se  of  perpetuating  the  race  when  it  is  threatened  with 
extinction  from  adverse  circumstances.  Each  consists  of 
a  little  mass  of  protoplasm  enclosed  within  a  very  tough 
and  resisting  membrane,  which  preserves  its  vitality  oven 
under  unfavourable  conditions ;  for  spores  resist  the  action 
of  desiccation,  heat,  and  germicidal  agents  to  a  much 
greater  degree  than  the  fully  developed  organisms.  Spores 
vary  much  in  size  and  in  the  position  they  occupy  within 
the  bacterial  cell  in  the  different  Ki)eGieH ;  their  diameter  is 
usually  about  the  same  as  that  of  the  cell  in  which  they 
are  develoi>ed,  but  may  bo  much  greater,  and  in  position 
they  may  l>e  central  or  terminal ,  and  sometimea  the  s})ore- 
(jearing  cells  are  swollen  or  club-shaped  ;  these  are  termed 
'Clostridia.'  EndoHp<:»re8  are  htill  unknown  in  a  large 
number  of  species.  The  second  variety  of  spore  formation, 
'arthros|)ore*  formation,  is  of  doubtful  occurrence.  Some 
of  the  elements  formed  by  iission  are  slightly  larger, 
more  refractile,  and  more  resisting  than  their  fellows, 
and  are  stated  to  have  the  properties  of  siKires.  Placed 
in  favourable  circumstances,  the  spore  in  either  case  ger- 
mimites,  it  becomes  swollen  and  granular^  and  lose«  its 
refractile  appearance ;  a  slight  protuberance  forms,  this 
increases  in  size,  and  an  organism  similar  to  the  parent 
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one  is  finally  reproduced,  the  empty  spore  membrane  at 
first  frequently  enclosing  one  extremity,  and  then  being 
cast  off.  In  certain  instances  the  spore  germinates  without 
casting  its  membrane,  the  spore  membrane  becoming  the 
cell-wall  of  the  young  organism.  The  ellipsoidal  spores  of 
the  B,  anthracu  sprout  at  the  end,  those  of  B.  suhtilu  at 
the  side. 

On  the  Morphology  and  Reproduction  of  the  Bacteria  see 
Rowland,  Trans,  Jcivtier  Inst,  Prev.  Med,  ii.,  1899,  p.  143  ;  Fischer, 
The  Structure  and  Functions  of  Bacteriaj  1900  ;  Migula,  System 
der  BakterieUf  i. 

Classification  of  the  Bacteria. 

Many  classifications  of  the  bacteria  have  been  proposed, 
but  none  up  to  the  present  can  be  said  to  be  strictly  scien- 
tific, or  even  satisfactory  from  the  point  of  view  of  con- 
venience. In  the  first  place,  the  bacteria  are  said  to  be 
devoid  of  chlorophyll,  but  there  are  many  forms  inter- 
mediate between  those  unicellular  organisms  with  and  those 
without  chlorophyll,  so  that  a  hard  and  fast  line  cannot  be 
drawn.  In  the  next  place,  the  bacterial  cells  are  so  minute, 
and  their  vital  phenomena  so  simple,  that  only  a  few  broad 
distinctions  can  be  observed  in  their  morphology  and 
reproductive  processes. 

One  of  the  most  prominent  of  the  older  classifications 
was  that  of  Cohn.  He  divided  the  bacteria  into  four  main 
groups : 

I.  The  Sphierobacteria  or  spherical  forms. 
II.  The  Microbacteria  or  short  rod-forms. 

III.  The  Desmobacteria  or  long  rod-forms. 

IV.  The  Spirobacteria  or  spiral  forms. 

Zopfs  classification  (1885)  has  many  points  to  commend 
it,  but  is  largely  based  on  the  doctrine  of  pleomorphism 
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By  pleomorphiflm  in  meant  a  variation  in  the  fovm  of  an 
organism  during  its  life-cycle,  a  coccus,  for  example,  grow- 
ing into  a  ro(l,  or  a  straight  rod  becoming  a  spiral.  In  a 
peach-coloured  bacterium  examined  by  Lnnkester,  cocci, 
rod,  filamentouB  and  spiral  forms  occurred,  and  the  doctrine 
of  pleomorphiHui  received  considerable  support  from  his 
work  ;  but  some  doubt  has  been  cast  on  it.  and  it  is 
suggested  that  he  was  not  working  with  pure  cultures. 
Be  that  as  it  may,  a  certain  amount  of  pleomorpliism 
undoubtedly  occurs  in  some  organisms.  In  the  colon, 
typhoid,  and  plague  bacilli,  for  example,  the  rods  may 
sometimes  be  so  short  as  to  be  almost  cocci,  while  at  others 
they  are  N^^ell -marked  rods  and  even  (ilamentR.  The  follow- 
ing is  an  outline  of  Zopf's  classification,  the  bacteria  being 
divide<l  into  four  main  groups  or  families,  which  again  are 
subdivided  into  smaller  groups  or  genera : 

Fnitiily  I.  Coccacb;r. — Spherical  fonns  only ;  division 
occurs  in  one  or  more  directions. 

Genus  1,  Miobococcits  (Staphylococcus). — Division  in 
one  direction  only,  but  irregular,  so  that  the  cocci 
after  division  form  irregular  cluHters. 

Genus  2.  Stueptococcus. — Division  in  one  plane,  but 
regular,  so  that  the  cocci  form  chains. 

Genus  3.  Mkuismoi-eiha. — Division  in  two  directions 
at  right  angles  to  each  other,  but  in  the  same  plane, 
BO  that  lamelbr  or  plates  are  formed. 

Genua  4,  Sarcina.— I>iviftion  in  three  directionw  at 
right  angles  to  each  other  and  in  two  planes,  so 
that  cubical  masses  are  formed. 

Genus  5.  Abcococcus. — Cocci  whicli  develop  in  a 
gelatinous  matrix. 

Family  II,  Bactkiuace*. — Rods,  straight  or  curved,  at 
some  period  of  the  life-history,  though  cocci  and 
other  forms  may  occur. 
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Genus  1,  Bacterium. — Straight  rodfl,  endoHpore  for- 
mation does  not  occur. 

Genus  2.  Bacillur.— Straight  rods,  endospore  for- 
mation occurfl. 

Genus  3.  Lkuconostoc. — Cocci  and  rods,  arthrospore 
formation  occurs  in  the  cocci  forms. 

Genus  4.  Clostridium. — The  same  as  bacillus,  but 
the  spore-bearing  rods  are  enlarged,  and  club- 
shaped. 

Genus  5.  Spirillum. — Spiral  rods,  spore  formation 
does  not  occur. 

Genus  6.  Virrio. — Spii'al  rods,  spore  formation  occurs. 

Family  III.  LEPTOTRiCHEiE.—  These  are  unbranching  thread 
forms. 

Family  IV.  Cladotrichb;e.— These  are  thread  forms  show- 
ing true  but  not  dichotomous  branching. 

There  are  many  points  in  this  classification  which  are 
of  practical  value.  The  distinction  made  between  a  bac- 
terium and  a  bacillus,  for  example,  is  very  convenient.  For- 
merly it  was  the  custom  to  term  a  short  rod  a  bacterium, 
and  a  long  rod  a  bacillus,  but  such  a  division  is  an  arbi- 
trary one,  and  at  one  stage  of  its  life-history  an  organism 
might  have  to  be  termed  a  bacterium  and  at  another  a 
bacillus.  The  term  *  bacterium*  is  now  but  little  used, 
and  any  straight  rod  is  termed  a  bacillus.  The  term 
*  staphylococcus  *  is  one  frequently  met  with ;  it  is  prac- 
tically synonymous  with  micrococcus,  and  refers  to  cocci 
which  are  aggregated  into  groups  or  clusters.  Of  the 
twisted  rods,  a  simple  curved  rod  is  now  known  as  a  vibrio, 
a  definitely  corkscrew  form  of  three  or  a  few  turns  is 
a  spirillum,  a  long  and  flexible  twisted  filament  is  a 
spirochffita.^ 

'  Many  of  the  so-called    spirochiEtn)  arc   probably  protozoa  (uid   no^ 
bacteria, 
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The  latest  svsleni  of  claHsilicAtioii  in  that  propoHod  hy 
Migiihi.'  The  hrt(*tem  are  ilivMed  hito  two  orders;  the 
EiUMifterm,  hactma  proper,  the  vAU  of  ^-hich  contain 
neither  sulphur  «,a-jinulps  nor  a  colouring  matter,  haoterio- 
purpurin  ;  and  the  Thiolmeteriii,  the  cells  of  which  contain 
sulphur  j^rannles  and  may  l>e  coloured  with  bacterio- 
purpurin.  Tlie  Eulwicteria  are  divided  into  live  familiea  : 
(1)  CoecacoK?,  (2)  Bacteriaceae,  (3)  Spirillacero,  (4)  Clilaniydo- 
liacteriiweiT',  and  (o)  BeggiatojiceH\  These,  ft|2[ain,  are  sub- 
divided into  many  genora,  i)ased  partly  on  tlie  mode  of 
<livision  and  partly  on  the  number  of  Hagella  ami  tlioir 
arrangement  on  the  orp;ftnisms.  Tlie  Coccaceie  contain  the 
genera  Streptococcus,  Microcor-cuii,  Sarcina,  IMaiincoccus, 
and  Planoaarcuia,  the  Bacteriacem  are  defined  as  long  or 
short  cylindrical  rods,  straij^ht  and  never  K[)intl ;  division 
in  one  direction  only  after  elongation  of  tho  rods  ;  and  this 
family  has  throe  genera:  (a)  Bacterium,  non-flaf^ellatcd 
cellK,  often  with  endo.spore  formation ;  {h)  BacillitH,  ioIIh 
poHseHHing  both  lateral  and  polar  Hagella,  nfUn  witli 
endosporo  formation;  (c)  Pseudomonas,  cells  with  |x>lar 
ilagelU  only,  rarely  endospore  formation. 

The  nomenclature  of  bacterial  specictt  ifl  at  presont  in  a 
chaotic  condition.  In  botanical  aud  ^onlogical  nomenclaturt' 
evwy  apocies  has  a  binomial  narao,  the  Hrst  boini:  tho  gc-ucric, 
the  second  the  spociiic,  name.  Many  Ijactcrial  species  have  re- 
oeivefl  trinomial  names,  which  shmdd  bo  luadmiasiblo.  The 
specific  name  first  given  to  an  orpmism  nuist  staad  unless  it 
ha.1  boeu  used  for  Ronie  other  species. 


CoNDinONB   OF    LlKH   OP   BaOTKUTA, 

Bacteria,  being  living  organisms,  must  be  supplicnl  with 
suitable  nutritive  Bubstancea  in  order  that  their  life-pro- 
ci^SBes,  nutrition,  reproduction,  and  the  like,  may  be  carried 

'  Sy$ffm  der  DakUrxen,  isy?.    Abstraol  in  C^tr.  /.  BaM,  (!»•  Abt.)  xxii.. 
1897  (September),  p.  345. 
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on  in  a  normal  manner.  Being  devoid  of  chlorophyll  they 
are  mainly  dependent  upon  complex  organic  compounds  for 
the  carbon,  hydrogen,  and  nitrogen  which  enter  into  their 
composition,  these  elements  being  derived  for  the  most 
part  from  proteins  and  carbohydrates.  Some  bacteria,  how- 
ever, are  able  to  obtain  the  requisite  nitrogen  from  such 
comparatively  simple  compounds  as  ammonia,  ammonium 
carbonate,  or  nitrates,  and  one  group  can  make  direct  use 
of  the  atmospheric  nitrogen.  Certain  inorganic  salts,  sul- 
phates, phosphates,  and  sodium  chloride,  also  seem  to  be 
necessary  for  normal  development.  These  nutrient  sub- 
stances must  be  presented  to  the  bacteria  in  association 
with  water,  for  without  water  bacterial  activity  ceases, 
though  in  the  dry  state  many  forms,  and  especially  their 
spores,  may  retain  their  vitality  for  a  considerable  time ; 
absolute  desiccation,  however,  is  probably  rapidly  fatal. 

Temperature  is  also  an  important  factor.  Though  the 
growth  of  many  species  occurs  through  a  wide  range,  there 
is  for  almost  all  an  optimum  at  which  growth  is  best,  and 
of  a  range  not  exceeding  5  or  10  degrees.  Growth  usually 
ceases  below  10°  C,  but  cold  does  not  destroy  bacterial  life ; 
after  exposure  to  the  intense  cold  produced  by  the  evapora- 
tion of  liquid  oxygen  ( —  1 70°  C.)  for  weeks,  or  of  liquid  hydro- 
gen ( —  252°  C.)  for  ten  hours,  bacteria  and  their  spores  will 
grow  and  germinate,  and  their  chromogenic  and  pathogenic 
properties  seem  to  be  unaltered.'  On  the  other  hand,  bac- 
terial growth  usually  ceases  when  the  temperature  exceeds 
40°  C.  or  thereabouts,  and  most  bacteria  without  spores  are 
destroyed  in  half  an  hour  or  so  by  a  temperature  of  65°  C. 
The  spores  are  far  more  resistent,  some  may  even  be  l)oiled 
for  a  short  time  without  losing  their  vitality,  but  prolonged 
boiling  is  fatal  to  both  bacteria  and  their  spores.  There  is, 
however,  a  group  of  so-called  thermophilic  bacteria,  which 

'  Mac(adyen  and  Rowland,  Proc.  Roj/.  Soc.  Lond.  Feb.  1, 1900 ;  April  .'5, 
1900  ;  May  31, 1900. 
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thrive  l)e8t  at  a  temperature  of  OO"  to  70°  C.  Thf^y  nccur 
in  the  aoil  and  in  water,  and  are  prohably  of  conHidfirahle 
importancG  in  the  natural  ffinnontations  accompanied  liy 
the  evohition  of  heat,  such  as  are  met  witli  in  umnure 
heaps,  the  heating;  of  hay,  and  iirlng  of  moist  cotton.' 

Free  oxygen  is  essential  to  the  growth  of  some  organ- 
isms ;  these  are  termed  strictly  arrobitj.  Others  will  not 
develop  in  its  presence,  strictly  anaiTobic  ;  others  af;ain, 
while  preferably  aerobic  or  anaerobic,  will  grow  in  the 
absence,  or  in  the  pi'esence,  of  oxygen,  and  are  resjiectively 
termed  facultative  anai-robic  or  fucultative  ai-robic.  Some 
organisms  are  strictly  parasitic  on  aninuils  or  plants  ;  others 
live  in  water,  soil,  decayinp;  matter,  A:c.,  these  are  termed 
aaprophytes ;  and  many  are  able  to  exist  either  as  parasites 
or  as  Bftprophytefi  (see  also  p.  lUi). 

Bacterial  development  is  much  inHuenced  by  the  pre- 
sence of  foreign  substancos  in  the  initrieni  medium.  A 
number  of  >>odies,  metallic  salts,  chlorine,  bromine,  and 
iodine,  carl>olic  acid,  salicylic  acid,  S:c.,  have  ati  injurious 
effect  n|>on  bacterial  life,  inhibiting  or  stopping  growth,  or 
killing  the  organisms  outright ;  these  are  of  conBidera])le 
practical  imj^ortance  and  are  known  as  germicides,  anti- 
septics, and  disinfectants.  The  products  produced  in  the 
nntrient  medium  by  the  bacteria  themselves  also  sooner  or 
later  inhibit  or  stop  further  growth  ;  a  fumiliar  instance  of 
this  is  seen  in  the  alcoholic  fernientiition  of  sugar  by  yeast, 
which  ceases  when  the  amount  of  alcohol  reaches  12  or 
14  per  cent.  The  same  reason  probably  explains  why  the 
growths  of  bacteria  in  culture  tubes  do  not  spread  all  over 
the  surface  of  the  nntrient  medium,  and  why  our  cultures 
sometimes  die  out  more  rapidly  than  might  be  expected. 

Another  point  affecting  bacterial  life  is  the  presence 
of  a  miicture  of  organisms  in  the  same  nutrient  medium. 

'  Macfadyed  and  Blax&ll.  Jotim.  of  Path,  and  Bad,  Kov.  1h94.  an^l 
Trang.  Jatwr  hist,  oj  Prev.  Med.  ii.,  1899,  p.  162. 
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If  there  be  a  very  vigorous  form,  it  may  ultimately  grow 
and  multiply  to  such  an  extent  as  to  crowd  out  and  finally 
kill  the  other  forma  with  which  it  is  associated,  and  if 
the  nutrient  medium  equally  favour  two  species,  that  one 
which  is  in  an  excess  at  the  beginning  may  crowd  out  the 
other.  The  occurrence  of  what  has  been  termed  symbiosis 
is  of  considerable  interest  in  the  life  of  micro-organisms, 
and  too  little  attention  has  hitherto  been  paid  to  it.  This 
is  the  coexistence  of  two  or  more  species  which  together 
bring  about  certain  changes.  For  example,  in  the  well- 
known  ginger-l>eer  plant,  Marshall  Ward  '  isolated  several 
yeasts,  bacteria,  and  moulds ;  of  these,  one  of  the  yeasts 
and  one  of  the  bacteria  together  induce  the  particular 
changes  in  a  saccharine  fluid  to  which  ginger  has  been 
added,  which  render  the  mixture  like  ginger-beer,  and 
these  changes  do  not  occur  unless  both  species  develop 
together. 

Another  extraordinary  feature  exhibited  by  bacteria  is 
the  selective  action  exerted  on  certain  substances  which 
contain  isomerides  or  right-  and  left-handed  modifications 
of  a  substance.  The  Bacillus  ctkaceticus  attacks  mannitol 
but  not  dulcitol,  two  alcohols  which  are  very  similar  in  taste 
and  properties  and  possess  the  same  chemical  formula. 

By  a  series  of  most  brilliant  researches  Emil  Fischer 
has  succeeded  in  determining  the  constitution  of  the  various 
sugars,  and,  what  is  more,  has  produced  them  artificially  in 
the  laboratory.  The  natural  sugars  are  all  comiK)unds  with 
dissymmetric  molecules,  powerfully  affecting  the  l)eam  of 
polarised  light,  but  when  prepared  artificially  they  are  with- 
out action  on  i)olarised  light,  because  the  artificial  product 
consists  of  equal  numbers  of  left-handed  and  right-handed 
molecules,  and  the  molecules  of  the  one  neutralize  the 
molecules  of  the  other,  thus  giving  rise  to  a  mixture  which 
does  not  affect  the  polarized  beam.  ^ 

'  Phil  Tram.  Roy,  Soc,  Tjond,  1892,  vol.  183.  p.  125. 
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By  the  action  of  micro-oiganisma,  however,  on  audi  an 
inactive  mixture  the  one  set  of  molecules  is  sought  out 
by  the  microbes  and  decomjioHed,  leaviuf^  the  other  set 
of  molecules  untouched,  and  the  latter  now  e:chibit  their 
Bi>ecilic  action  on  polarized  light,  an  active  sugar  being 
thu8  obtained. 

FructoHe  was  one  of  the  principal  artificial  sugars  pre- 
p;ired  by  Fischer  ;  it  is  inactive,  but  consists  of  an  yqual 
namber  of  molecules  of  opiKisitely  active  sugars  termed 
*  Isivuloae.'  Que  set  of  these  la'vulose  molecules  turns  the 
plane  of  (>olarization  to  the  right,  anotlier  set  to  the  left, 
right-  and  left-handed  lievuloae.  The  left-hiinded  la-vulose 
occurs  in  nature,  while  the  right-handed  htvuloBe,  so  far  as 
is  known,  does  not. 

Now,  on  putting  brewer's  yeivst  into  a  solution  of  fructose, 
the  inactive  artificial  product,  the  yeast  organisms  attack 
the  l«ft-hande<l  lievulose  molecules  iind  cunvert  Hiein  into 
alcohol  and  CO^,  while  the  right-hajided  Ltvulose  is  loft 
untouched. 

Pressure,  unless  very  greut,,  has  little  eflfect  on  bacteria. 
Roger  investigated  the  effects  of  high  pressure  on  certain 
iirganisms  iu  bouillon  cultures.  Pressures  of  ^00  to 
250  kilos,  per  square  centimetre  had  nu  eft'ect ;  by  raising 
the  pressure  to  3000  kilos,  [n^r  square  centimetre  oiie-thii-d 
of  streptococci  were  killed,  and  of  anthrax  without  spores 
a  good  many;  while  s|K)ring  aiithnix,  MU-rocuccus  pyogenes, 
var.  aureus^  and  the  colon  bacillus  were  unaflTecteth* 

Our  countrymen  Downes  and  Blunt  first  called  attention 
lothe  injurious  effect  uf  ligliL  upon  bacteria.  If  plate  cultures 
be  prepared  and  exposed  Lo  smilighl,  a  |Kjrtiun  of  the  plate 
being  protected  from  its  action,  as  by  sticking  uu  a  letter  tut 

*  Bacteria  beiug  w  miaute,  tho  aclua)  preesure  ou  a  baoU'ri»l  cell,  even 
with  these  high  prebHtires,  is  hninll.  If,  for  example,  u  bitcterium  measures 
111  by  5fL^  a  pretisure  of  1000  kilugriuus  per  »iiuaru  ouiiiimelro  wuuld  be  but 
O'Oo  gram  (|  grain)  on  the  cell. 


_*M  k^hhHI^H^H 


22  MANUAL   OF  BACTERIOLOGY 

out  of  black  paper,  and  the  preparation  afterwards  incubated, 
it  will  be  found  that  the  colonies  develop  at  the  protected 
portion  only,  those  parts  which  have  been  exposed  to  sun- 
light remaining  sterile.  Although  this  action  of  sunlight 
may  occasionally  be  due  to  chemical  changes  in  the  medium, 
resulting  in  the  production  of  ozone  or  other  germicidal 
bodies,  the  experiments  of  Marshall  Ward  and  others  have 
conclusively  shown  that  germicidal  action  may  be  caused 
by  the  direct  action  of  the  light,  the  violet  and  ultra  violet 
rays  being  those  concerned,  and  the  red  end  of  the  spectrum 
has  no  effect.  The  Bontgen  rays  seem  to  have  little  or  no 
influence  upon  bacteria,  but  the  results  obtained  are  some- 
what contradictory. 

The  radium  emanations  with  prolonged  exposure  and 
near  contact  are  germicidal  to  non-sporing  organisms.^ 

Electricity,  per  se^  has  also  usually  little  effect.  When 
the  current  is  passed  directly  through  the  cultures  electro- 
lysis takes  place,  and  the  products  formed  may  destroy  the 
bacteria ;  currents  of  high  potential,  however,  may  inhibit 
growth.* 

Living  motile  bacilli  are  very  sensible  to  induced  currents 
of  electricity,  immediately  orientating  themselves  in  the 
direction  of  the  current,  while  dead  or  paralyzed  bacilli  are 
unaffected.^ 

Bactebul  Products. 

The  chemical  changes  produced  by  micro-organisms  are 
chiefly  analytic  or  destructive,  the  formation  of  simpler 
from  more  complex  bodies.  This  analytic  faculty  is  present 
to  a  marked  degree  in  what  is  known  as  putrefaction. 
Putrefaction  is  a  term  applied  to  the  decomposition  of 
organic,  especially  protein,  matter  after  the  death  of  the 

'  See  Green,  froc.  Hoy.  Soc.  LomJ.  vol.  73, 1904,  p.  375. 
'  LoBTET,  Comp.  Reitd.  T.  liy,  1894,  p.  463. 
="  Cotnp.  JUettd.  T.  122, 1890,  p.  892, 
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animal  or  plant.  It  is  usually  accompanied  by  the  evolution 
of  foul-smelling  gases  and  by  the  solution  of  the  solid 
material.  A  large  number  of  organism^)  are  concerned  iu 
this  process,  particubirly  a  group  to  which  Hauaer  gave  the 
name  of  Proteus.  The  first  changes  which  occur  arc  the 
formation  of  proteoses  and  peptone,  then  leucin,  tyroain, 
and  glycocol,  and  basic  compounds  to  which  the  name  of 
ptomine  has  been  given,  next  uidole,  akatole,  and  phenol, 
and  volatile  fatty  acids,  and  biritly  inercaptans,  sulphuretted 
hydi'ogen,  marsh  gas,  ammonia,  carbonic  acid,  and  hydrogen. 

In  view  of  its  practical  importance  in  bacteriological 
aualyais  and  the  identitication  of  species,  indole  may  here 
be  referred  to  at  some  length. 

Indole, — Indole  (C^H^N)  is  a  product  of  tiie  putrefactive 
decomposition  of  proteins  containing  a  trypl^jphan  nucleus 
and  is  formed  during  the  gi'owth  of  uiuny  organisms,  and, 
since  one  species  may  produce  it  and  another  allied  one 
may  not,  its  presence  or  absence  may  be  a  valuable  point 
in  the  ideutilicatiou  of  an  organism.  The  detection  of 
indole  is  based  on  the  reaction  with  nitrous  acid,  with  which 
it  gives  a  fine  jturplish-red  col<jrutk>u.  In  order  to  test  for 
it,  the  organism  is  grown  in  a  tluid  medium  for  twenty- 
four  to  forty-eight  hours  or  longer,  1  c.c.  of  a  O'l  i>er  cent. 
solution  of  sodium  nitrite  is  added  to  every  10  c.c.  of 
the  culture,  and  a  few  drops  of  pure  concentrated  sulphuric 
acid  or  of  hydrochloric  acid  are  allowed  to  trickle  slowly 
down  the  side  of  the  test-tube,  which  is  inclined  with  its 
mouth  away  from  the  operator.  As  the  acid  rims  down,  it 
is  mixed  with  the  lluid ;  a  colour  varying  from  pale  pink 
to  pale  pur^de  indicuten  the  presence  of  iiidole.  A  coJitrul 
tube,  miinoculated,  should  also  be  similarly  tested  to  make 
sure  that  the  rejection  is  due  to  the  products  of  the  growth 
uf  the  organism.  The  ciilLuro  lluid  usually  employed  is 
|>eptone  water,  preferably  '2  i)er  cent.,  but  some  samples  of 
'  i^ptone '  occasionally  fail  to  give  the  indole  reaction  when 
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IS  are  grown  in  media  prepared  from  them  ;  the 
id  of  peptone  niList,  therefore,  be  used.    As  the  dilute 
of  sodium  nitrite  is  unstahle,  a  stock  5  i>er  cent, 
may  be  kept ;  2  c.c.  of  this  solution  are  diluted  to 
with  diatilled  water  at  the  time  of  making  the  test, 
Ls  of  this  dilution  is  added  to  every  10  ex.  of  the 
The   addition   of  the  acid  H  borates  free  nitrous 
lich   reacts  with  any  indole  present,  and  yields  a 
our.     Hometimes  when  the  reai^tiou  is  apjiarenlly 
r  feeble,  it  may  be  obtained  or  intensified  by  placing 
i  in  the  blood-heat   incubator   for   half   an   hour,  , 
>huric  acid  must  be  pure  and  free  from  oxidea  of 
,  hence  hydrochloriu  acid  is  often  preferable. 
ore  delicate  method  of   testing  is  to  run  a  little 
loric  acid  down  the  aide  of  the  tube,  ho  that  a  layer 
t  the  bottom,  the  nitrite  having  been  previously 
1  the  culturo  if  retiuired.    A  pink  ring  at  the  junc^ 
ihii  hydrochloric  acid   and   culture   indicates  the 
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The  presence  of  dextrose,  saccharose,  glycerin,  or 
lactose  iu  (quantity  exceeding  al>out  0"25  per  cent,  prevents 
the  formation  of  indole  in  broth  by  bacteria.  Broth  pre- 
IHired  in  the  ordinary  way  usually  containii  a  little  dextrose 
derived  from  tlie  glycoj^en  in  tlie  meat,  and  this  probably 
explains  why  the  indole  reaction  is  generally  much  more 
marked  in  a  peptone  water  than  ui  a  broth  culture^  althoutrh 
tbe  latter  is  a  better  nutrient  woil.  In  order  lo  (irepare 
a  soil  free  from  dextrose,  T.  Smith^  recommends  that  the 
acid  beef  brotb  ustjd  in  the  [ireparation  of  nutrient  brolb 
should  be  inoculated  with  the  colon  bacillus  and  incubated 
fm*  twenty-four  hoars,  and  the  peptone  beef  broth  prepared 
from  it.   The  dextrose  is  consumed  and  no  indole  is  formed. 

Some  bacteria  not  only  form  indole  but  also  produce 
nitrites  in  the  culture  medium  by  the  reduction  of  the 
nitrates  present  in  the  peptone  Oi:c.  used  in  making  the 
nutrient  medium,  in  which  catie  tlie  addition  of  pure  huI- 
phuric  or  hydrochloric  acid  alone  suffices  io  bring  out  the 
pink  indole  reaction,  Thiw  fnnuH,  therefore,  an  additional 
means  of  distmyuishing  urjjiunisms,  and  is  empUiyed 
es|>ecia]ly  for  the  recognition  of  the  cholera  spirillum,  which, 
if  ^rown  in  peptone  water,  gives  the  indole  reaction  (or, 
as  i\  bus  been  termed,  *  the  cholera  red  reaction  *)  on  tbe 
addition  of  acid  alone.  The  reaction  can  be  oblained  as 
early  as  twelve  hours  after  inocubition^  and  becomes  very 
marked  in  twenty-four  to  forty-eiglit  hours. 

If  indole  is  formed  only  in  suiall  quantities,  100  c.c. 
of  the  culture  may  be  distilled  ;  the  lirst  20  c.c.  of  the 
distillate  will  contain  the  bulk  of  the  indole. 

This  *  indolo-reaction  '  is  not  necessarily  always  due  to 
indole;  llie  writer  has  shown-  that  the  indolo-Iiko  riyn-tiuii 
obtained  with  cultures  of  the  diphtheria  and  pseudo-diph- 
Uieria  bacilli  is  owing  to  the  presence  of  skatole-carboxylic 

•  Journ,  q]  iTx/wf .  U^.  Ji.,  Hrt»7,  p.  .'»43. 

"•  rr.iw.  Yailu  Soc.  Lund.  lU.  jrt.  2,  XiK)l,  p.  113. 
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'his  fiubBtanc©  is  distinguished  from  indole  hy  lieiiig 
itile.     To  make  sure  of  tlitj  prfesence  of  indole,  the 
should  therefore  be  mude  alkdliuB  with  cautftic  aodu 
illed. 

lie  (methyl  indole)  aeems  ako  to  be  formed  by  some 
,8.     It  m  volatile  like  indole,  but  if  a  aoluiion  contain- 
a  boiled  with  an  acid  solution  of  dimethylttmidobenK- 
(5  per  cent,  in  10  per  cent,  sulphuric  acid)  it  yields  a 
ur,  whioh  givea  to  chloroform  also  a  blae. 

ifi cation. — Another  important  laeries  of  chunges  i« 
udod  under  the  term  *  nitrification/    Ah  mentioned 
>rotein,  albuminoid,  and  other  complex  nitrogenouB 
and  m-ea,  all  of  which  are  viiluahle  luanureB  for 
e,  cease  to  be  ao  unleas  bacteria  are  preisent. 
High  th*i  tLgeucy  of  the  putrefactive  bacteria  am- 
jmpouuda  are  ultimately  produced  from  the  more 
nitrogenous  HubstHncets*     In  order,  however,  tbut 
nay  obtain  their  retjuisite  nitrogen,  the  nitrogen 
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filled  with  a  mixture  of  5  kiloa.  of  ignited  quartz  Band  and 
100  grams  of  limestone.  To  this  sewage  was  8upi>lied  at 
Buch  a  rate  that  it  took  eight  days  to  pana  through.  During 
the  first  twenty  days  the  sewage  passed  through  unaltered  ; 
after  that  nitric  acid  began  to  appear  in  tlie  filtrate,  and 
uicreH.s6d  lo  tiuch  an  extent  thut  the  tittered  newage  con- 
taineii  no  ammonia  but  nitrates  only.  After  passing  uewage 
fur  four  months  with  i-oraplete  oxidation  of  ammonia,  the 
authors  placed  a  vessel  of  cldoroform  bo  thfit  the  vapour 
(ioureil  into  the  tube.  In  ten  days  after  the  introduction 
of  the  chloroform  all  nitrates  disappeared  in  the  exit  water, 
and  tlie  sewage  passed  through  mii-hanged. 

After  fifteen  days  the  vessel  containing  the  chloroform 
was  removed.  Nitrilicatiou  did  not  resume,  and  after 
seven  weeks  the  washings  from  ten  grams  of  garden 
soil  were  added.  Eight  days  after  this  addition  nitrates 
tigaiu  ap|)eared  in  the  exit  water  (this  was  contirmed  by 
Waiington). 

Shortly  after  this  Schloesiug  and  Miintit  found  tliat 
exixjHure  of  soil  to  100"  C.  for  an  hour  doHtroyed  the  jtower 
of  nitrification.  Soils  tluis  treated  wereexjiosed  to  a  current 
of  air,  purified  by  ignition,  wiLlunit  niiriJication  taking  place  ; 
the  addition  of  a  little  miheated  mould  was  sutiicient  to 
C4iuse  nitrification  to  reconunenee.  They  also  tried  seeding 
the  sterile  soils  with  various  IIyi>homycetes  itc,  without 
result. 

lu  1884  WaringLon  concluded  that  the  factor  determin- 
ing the  formation  sometimes  of  nitric  acid  and  sometimes 
uf  nitrous  acid  was  a  difference  in  the  character  of  tlie 
organisms ;  for  it  is  ijossible  to  have  two  similar  solutions 
under  identical  con<litions«  and  for  nitrites  to  be  produced 
in  the  one,  and  nitrates  in  the  other. 

In  188t>  Dr.  Munro  showed  that  the  process  of  nitrifica- 
tion could  tjike  place  in  solutions  practically  destitute  of 
organic  matter. 
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The  methods  of  isolation  and  the  nature  of  the  organ- 
isms of  nitrification  must  next  be  considered.  Nitrification 
in  the  soil  takes  place  in  three  stages : 

I.  Amnwnisation. — When  complex  organic  compounds 
such  as  albuminoids  are  applied  to  the  land  they  are  broken 
up ;  first  they  become  liquefied,  peptone-like  bodies  being 
produced ;  these  are  then  further  acted  upon  and  we  get 
alkaloidal  substances  in  small  quantity,  indole,  skatole, 
leucin,  and  tyrosin,  valerianic  acid,  volatile  fatty  acids, 
lactic  acid,  &c. 

These  changes  are  brought  about  by  numbers  of  organ- 
isms, among  which  the  varieties  of  Proteus  (formerly  known 
as  Bacterium  ternio)  are  the  more  important. 

Then  the  nitrogenous  compounds  are  further  acted  upon 
and  ammonium  salts  formed.  According  to  Emile  Marchal, 
ammonization  takes  place  essentially  under  the  influence 
of  microbes  living  in  the  upper  layers  of  the  soil.  The 
Bacillus  mycoides  is  one  of  the  most  energetic  of  these, 
and  seems  to  play  a  double  rdUt  being  ammonising  both 
in  the  presence  of  nitrogenous  organic  substances  and  of 
nitrates.  Urea  is  ammonized  especially  by  the  Micrococcus 
ureoi, 

II.  Nitrosation. — The  ammoniacal  salts  are  next  con- 
verted into  nitrites.  The  nitrous  organisms  can  probably 
attack  nitrogenous  organic  substances  such  as  asparagine 
and  milk,  but  only  feebly,  milk  being  much  more  rapidly 
nitrified  when  the  nitrous  organisms  are  mixed  with  other 
species. 

III.  Nitratation, — These  nitrites  are  then  converted 
into  nitrates. 

There  is  accumulated  evidence  to  show  that  stages  II. 
and  III.  are  brought  about  by  different  species,  the  nitric 
organisms  having  no  effect  whatever  on  ammonia,  but 
acting  only  after  this  has  been  oxidized  into  nitrous 
acid. 
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Thft  disooverv  of  l>r.  Miinro  that  organisniH  would  grow 
in  purely  inorj^anie  solnUons  has  been  raado  uflf!  of  for  the 
isolation  of  the  diff^^rent  HpecieH.  SohitiouB  audi  as  the 
following  liave  heen  used  : 


For  tbr  Nllroiu  nrjcniiUmn 
Ammoninm  chloride  0*5  grm. 
Potttirsium  pliosplmle  01  f*rin. 
Mft^esium  sulphati-  l)'l]2  Krin 
Calcium  cliloridf  001  umi. 
Cftfciiuu  carbonnte  50  Rnn. 
l>t!ttincd  water  1000  ex. 


For  the  Nitric  OrtraniHtiiii 
PotASKtam  nitrite  0*3  ^^i. 
PoUissttim  phospbatu  0*1  i^m. 

MajyTiPsium  flulphaU'  (MtS  j^rin. 
Calcium  carbonate  ftU  ;{rni. 
Distil  leil  \vittcr  1 000  c.c. 


These  are  seeded  with  traces  of  earth,  and  liy  carryiTi^ 
nn  the  cultivation  for  niany  senerattniis  a  large  numher  of 
organisms  are  eliminated.  This  lurthod  doeR  not  lead  to 
a  pure  cultivation,  for  sevenil  foniiK  henideK  the  nitrifying 
organisms  i^rsistentlv  maintain  theiiiHelvert  in  these  mineral 
solutions. 

So  recourse  was  had  to  gelatin  plate  cultivations. 
Altliough  several  organiHins  were  isolated  in  thin  manner, 
none  of  them  iwisscssihI  the  .slightest  nitrifying  power. 

Frankland,  and  later  WaringLon  (IKS)O),  Huceeeded  in 
isolating  nitrous  organisms  by  the  dilution  method.  Nitri- 
fying solutions  were  diluted,  an<l  traces  inoculated  into  am- 
moniacul  solutions  ;  in  some  of  these  nitrification  occurred, 
altyiough  no  growth  could  he  obtained  on  gelatin,  and  they 
were  found  to  contain  llie  nitrous  organism  only.  A  little 
laUnr  Winogradsky  istilated  nitrous  organisms,  iirni  hy 
tiifHlitied  gelatin  plates,  and  afterwards  hy  the  silica  jelly 
ruetlnid. 

Warington  Rives  tho  fullowing  direction.^  for  the  propiiration 
of  Biliea  jelly  plates  :  Sodium  carbonate  is  Insed  in  the  blowpipe, 
and  fine  white  sani]  i;;  added  as  long  a^  effervescence  la  produced. 
The  mass  is  allowed  to  cool,  and  is  then  disaolved  in  water.  Tbe 
elation  is  poured  into  an  excess  of  very  dilute  hydrochloric  acid 
^nlicic  acid  and  sodium  chloride  being  formed).     The  golution  ifi 
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dialyzed  and  sterilized.    Some  of  thia  is  placed  in  a  sterile  dish 
and  mixed  with  the  following  solution  and  inoculated  : 

Ammonium  sulphate      ...  0*4  gram 


Magnesium  sulphate 

Di-potassium  hydrogen  phosphate 

Calcium  chloride   . 

Sodium  carbonate  . 

Water 


0*5  gram 

0*1  gram 

trace 

0-6-0-9  gram 

100  C.C. 


This  mixture  sets  to  a  jelly  in  five  to  fifteen  minutes. 

Winogradsky  has  also  made  use  of  agar  for  plates,  but  this 
medium  is  not  so  suitable  as  the  silica  jelly.  A  2  per  cent, 
aqueous  agar  is  prepared  and  poured  into  Petri  dishes  ;  the  film 
is  then  sown  with  ProUiiSj  and  allowed  to  grow  for  seven  to  ten 
days.  It  is  then  thoroughly  washed,  collected,  melted,  and 
mixed  with  the  salts  mentioned  above.  The  object  of  growing 
the  Proteits  upon  it  as  a  preliminary  is  to  get  rid  of  the  organic 
matter  admixed  vrith  the  agar. 

The  organisms  isolated  by  Warington,  Frankland,  and 
Winogradsky  were  all  nitrous  forms. 

Warington  and  Winogi^adsky  in  subsequent  attempts 
succeeded  in  isolating  nitric  organisms.  They  occur  in  much 
the  same  form  as  the  nitrous,  viz.  as  roimd  or  ovoid  cor- 
puscles. These  organisms,  while  having  an  energetic  action 
in  converting  nitrites  into  nitrates,  are  without  action  on 
ammonia — in  fact,  this  is  inhibitory. 

The  nitrification  of  the  soil  is  thus  brought  about  by 
two  groups  of  organisms.  The  first  oxidizes  ammonia  into 
nitrous  acid,  and  is  isolated  by  successive  cultivation  in 
solutions  of  ammonium  carbonate.  The  second  group 
oxidises  nitrous  acid  into  nitric  acid,  and  may  be  separated 
by  successive  cultivations  in  a  solution  of  potassium  nitrite 
containing  a  little  sodium  bicarbonate.  In  the  soil  the 
nitric  and  nitrous  organisms  are  equally  active. 

The  Leguminosse,  however,  are  able  to  obtain  their 
nitrogen  directly  from  the  nitrogen  of  the  air,  also  through 
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the  agency  of  micro-organisms.  If  the  roots  of  a  pea,  bean, 
or  vetch  be  examined,  numerous  little  nodules  will  be  found 
upon  them ;  on  examining  these  microscopically  small 
irregular  bodies  are  found  to  be  present,  which  have  been 
termed  bacteroids,  and  seem  to  be  of  the  nature  of  involution 
forms.  On  inoculation  into  culture  media  the  bacteroids 
give  rise  to  a  growth  of  organisms  resembling  bacteria ; 
these  '  fix  '  the  atmospheric  nitrogen.  Leguminous  plants 
grown  from  sterile  seeds  in  a  sterile  soil  dwindle  and  die, 
but  if  inoculated  with  the  organisms  derived  from  another 
plant  of  the  same  species  growth  becomes  vigorous ;  if 
inoculated  with  those  derived  from  another  species  growth 
still  Ukes  place,  but  not  nearly  to  the  same  extent.  The 
Leguminosie  thus  store  up  one  of  the  most  important 
elements  of  plant  food,  and  hence  their  value  in  the  rotation 
of  crops.  A  substance,  termed  '  nitragin,'  consisting  of  a 
culture  of  these  root  organisms,  has  I)een  prepared  as  a 
fertiliser.  Unfortunately  Nobbe's  '  nitragin  *  did  not  prove 
a  success.  The  work  was  continued  by  the  United  States 
Department  of  Agriculture  and  successful  methods  were 
eventually  evolved,  but  the  cultures  tended  to  die  in  a  few 
weeks.  Further  progress  has  been  made  by  Professor 
Bottomley,  who  has  succeeded  in  obtaining  a  powder 
preparation  of  the  nitrogen  fixing  bacteria,  which  retain 
their  vitality  for  months  under  these  conditions,  and 
the  preparation  properly  applied  to  poor  soils  produces 
astonishing  results. 

Fermentation, — Another  important  group  of  changes 
produced  by  micro-organisms  is  that  comprized  under  the 
comprehensive  title  of  'fermentation,*  of  which  it  is  diffi- 
cult to  give  an  accurate  definition,  for  the  distinction  between 
it  and  other  chemical  changes  due  to  the  activity  of  micro- 
organisms is  conventional  rather  than  scientific.  Fermen- 
tation is  brought  about  by  the  action  of  ferments,  two 
clsBses  of  which  are  recognized,  viz.  the  living  or  organized 
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ferments,  which»  ui  other  words,  are  micro-organisms ;  and 
the  unorganized  or  chemical  ferments,  bodies  such  as 
pepsin,  which  in  infinitesimal  amount  produce  changes  in 
a  considerable  quantity  of  the  substance  acted  upon,  with- 
out themselves  undergoing  alteration. 

It  is  better  to  reserve  the  term  *  fermentation '  for  the 
changes  brought  about  by  the  organized  ferments  or  living 
organisms,  and  to  call  the  unorganized  ferments  enzymes, 
and  the  changes  which  they  produce  zymolysis.  As  fermen- 
tations are  investigated  more  critically,  the  tendency  is  to 
find  that  they  are  brought  about  by  enzymes,  extra-cellular 
or  intra-cellular,  so  that  in  course  of  time  this  distinction 
may  no  longer  hold  good.  Many  enzymes  are  secreted  by 
micro-organisms— for  example,  the  liquefaction  of  gelatin 
is  due  to  an  enzyme,  and  if  a  little  of  the  liquefied  gelatin 
free  from  organisms  be  added  to  fresh  solid  gelatin  it  will 
produce  liquefaction  of  this,  and  the  same  occurs  in  the 
presence  of  chloroform,  which  inhibits  bacterial  action. 
Yeast  also  secretes  enzymes ;  it  is  unable  to  directly  ferment 
cane  sugar  with  the  production  of  alcohol,  but  by  the  action 
of  the  enzyme  '  invertase '  the  cane  sugar  becomes  inverted, 
i.e.  the  molecule  is  split  up  into  dextrose  and  laivulose, 
which  are  then  further  acted  uiwn  with  the  production  of 
alcohol. 

The  following  are  the  chief  varieties  of  fermentation  : 
The  Alcoholic  Fermentation, — This  is  mainly  brought 
about  by  the  decomposition  of  sugars  of  the  hexose  gi*oup 
(C^jH,^Oy),  principally  dextrose  and  Ijevulose,  by  yeasts  into 
alcohol  and  carbonic  acid,  but  some  of  the  bacteria  and 
moulds  also  produce  appreciable  quantities  of  alcohol. 
Other  carbohydrates  by  the  action  of  enzymes  secreted  by 
the  organisms  may  be  converted  into  hexoses,  which  are 
then  fermented.     The  general  reaction  is  as  follows : 

C,H,A=2C,H„0  +  2CO,. 
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Ah  a  matter  of  fact  small  amounts  of  by-products 
appear  in  addition  to  the  alcolu)]  nud  uarlioiiic  arid,  viz. 
glycerin,  succinic  acid,  and  higher  alcohols.  Until  1897 
no  enzyme  hud  been  obtained  whit-li  would  carry  out  this 
change ;  it  only  occurred  when  the  living  yeast-cells  were 
present,  but  hi  that  year  Buchner  by  j^rinding  up  tlie  living 
yeast  cells  obtauied  a  juice  which  decomposed  dextroBe 
with  the  formation  of  alcohol  and  carlwnic  acid.  This 
•  zymase' Buchner  claimed  to  he  the  alcoholic  enzyme  of 
yeast. 

Tke  Lactic  Acid  Fermentation. — This  is  brought  about 
chiefly  by  bacteria.  Hexoses  are  converted  into  lactic  acid, 
the  reaction  being 

hut  it  is  probably  not  actually  so  simple  as  this,  for  carbonic 
acid  is  given  off  at  the  same  time.  A  familiar  example  of 
this  form  of  fermentation  is  the  souring  of  milk,  in  which 
the  lactose  is  acted  upon  aa  follows  : 

The  Butyric  Acid  Fermentation.—  Biiijnc  acid  is 
formed  from  carbohydrates  by  the  action  of  bacteria, 
mainly  the  BaciUus  hutyricus  and  Clostridium  btffyricujn, 
the  latter  being  an  anat^robic  organism,  some  by-products 
being  formed  in  addition.  Milk  which  has  been  just  boiled 
asually  undergoes  the  butyric  rather  than  the  lactic  fer- 
mentation, the  8i>ores  of  the  butyric  organisms  surviving. 
Lactic  acid  is  first  formed,  and  this  is  then  converted  into 
butyric  acid : 

2C,H,0,  =  C,H,0,  +  2C0,  +  2H,. 

The  Acetic  Acid  Fcnrirn(ation,  —  lhe  conversion  of 
alcohol  into  acetic  acid  is  also  due  to  bacteria,  famihar 
examples  of  which  are  the  souring  of  beer  and  wine. 
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The  above  are  the  more  important  fermentations 
brought  about  by  micro-organisms,  but  there  is  no  reason, 
except  conventional  usage,  why  pigment  formation,  nitri- 
fication, &c.  should  not  be  described  as  fermentations.  It 
is  uncertain  whether  the  fermentive  changes  are  brought 
about  directly  by  the  vita!  activities  of  the  micro-organisms, 
or  whether  enzymes  are  first  secreted.  In  a  number  of 
instances  certainly  the  latter  is  the  case,  and  the  following 
are  further  examples  of  it : 

1.  Peptonizing  zymolysis,  e.g.  the  liquefaction  of  gelatin. 

2.  Invert  zymolysis. 

8.  Diastatic  zymolysis. 

4.  *  Fermentation  '  of  cellulose  in  the  digestive  tract — 
probably  by  secreted  enzymes. 

5.  Curdling  of  milk  by  rennet-like  enzymes. 

6.  *  Fermentation  '  of  urea  by  an  enzyme  secreted  by 
the  Micrococcus  urea  &c.,  with  the  formation  of  ammonium 
carbonate.  These  enzymes  do  not  seem  to  possess  any 
poisonous  action. 

Formation  of  Pigment, — Numerous  organisms,  espe- 
cially those  of  air  and  water,  during  their  growth  produce 
various  coloured  pigments.  They  are  termed  chromo- 
genic  bacteria,  examples  of  which  are  the  Sarcina  lutea 
and  Micrococcus  cereus,  var.  flavus,  which  form  citron- 
yellow  pigments  ;  the  Bacillus  prodigiosus  and  Spirillum 
rubrum,  red  pigments ;  the  Bacillus  violaceus  forms  a  rich 
violet  one;  and  the  Bacillus pyocyaneus^  a  blue.  A  large 
number  of  chromogenic  organisms  require  oxygen  for  the 
production  of  the  pigment,  and  potato  is  often  the  most 
favourable  culture  medium.  In  some  cases  the  medium 
may  become  coloured,  and  the  property  of  fluorescence  be 
conferred  upon  it,  as  is  the  case  with  the  Bacillus  fluor- 
escens  liqiie/aclens.  Usually  the  pigment  is  extra-cellular, 
occasionally,  as  in  B.  violaceus,  it  is  intra-cellular. 

Phosphorescence  or  light-production  is   developed   by 


PTOMINES 


some  bacteria,  notably  by  many  marine  forms,  and  in  vfeW 
seen  in  decomposing  fisb.  Some  spirilla  are  also  known 
occasionally  to  pro;iuce  pbospliorescence. 

A  Necrotic  action  on  tbe  tissues  is  produced  by  many 
p.ithogenic  organisms.  For  example,  the  tubercle  and 
glanders  bacilli  cause  necrosis  and  caseation  of  the  sur- 
rounding tissues. 

Gas  Production. — This  is  common  to  many  orgtinisnis. 
The  gas  may  consist  of  carbonic  acid,  hydrogen,  or  marsh 
gas,  and  in  some  cases  of  foul-smelling  sulphur  compounds, 
eulphuretled  hydrogen,  raercaptans,  \c. 

Sulphnretted  hydrogen  may  be  detected  by  the  blackening 
of  lead  acetate  paper.  Mt-thyl  raercaptan  may  l>o  detected  by 
aspirating  a  current  of  air  through  the  culture,  through  a  cal- 
cium chloride  drying-tube,  and  then  through  a  teHt-tul>e  or  small 
tlask  couUiining  isatiu  dissolved  in  conceutrated  sulphuric  acid. 
Tbe  red  colour  of  tbe  isatin  solution  in  changed  to  olive-  or 
gnss-grecn  by  the  mercaptan. 

Bank  or  Alkaloidal  BodicH  :  Ptomine^. — These  are  a 
very  im[)ortant  group  of  nitrogenous  bodies,  analogous  to 
the  vegetable  alkaloids  and  mostly  solid  and  crystalline  in 
nature,  which  are  formed  by  the  action  of  bacteria  on 
protein  and  albuminoid  matt^jr.  The}*  often  occur  naturally 
in  decomposing  and  putrefying  food,  meat,  fish,  &c.,  and 
Afi  man}'  of  them  are  virulent  poisons,  they  are  of 
considerable  practical  import.  Generally  speaking,  the 
poisoning  due  to  tainted  food  is  due  to  the  absorption  of 
toxic  ptomines  formed  by  bacterial  action.  A  number  of 
t<jxic  ptomines  were  isolated  by  Brieger  from  cultivations 
of  pathogenic  microbes,  and  great  importance  was  once 
attached  to  them.  They  are  referred  to  in  the  chapters 
describing  the  pathogenic  organisms. 

Brieger's  work,  however,  needs  revision,  for  his  methods 
were  not  such  as  to  e?(clude  alteration  by  tbe  reagents 
employed. 


XAXUAi.  OF   BAOTEniOLOOY 

eiiwon  obtjiinetl  traces  of  a  liighly  iKfiaonouB  trystul- 
inme  froin  some  sardmee  that  had   caused  death. 
u    hiis    iaohited    a    body,    tjrotoxieon,    apparently 
1  with  diazobenzene,  from  poiaonoua   cheese   and 
^htilotoxin  (C,jHj,^NO.^)   is  the   specific   poison   of 
LQrisels.     The   ptotnines    are  thus   of   considerable 
legal  importance. 

ii:  proteins  are  also  formed  by  bacteria,    Martin  and 
nive  described  theae  as  being  allied  to  the  proteoses* 
ad   Yersin   suggested  that  the    diphtheria    poison 
e  an  enzyme,  while  Brieger  and  Fnuikel  regard  it 
miiiouB*     These  non-baBic  chemical   poisons  have 
-med  tox-albumins,  and  are  considered  to  be  the 
toxic  poitsonn  of  the  pathogenic  bacteria.     In  the 
state  of  our  knowledf^e  it  will  be  better^  perhaps, 
them  Bimply  *  toxins  '  (see  p.  1S6)* 

liteuatuhf;. 
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CHAPTER    TI, 


METHODS    OF    CULTIVATING    AND    ZSOLATINO   0RrTANT8M8. 


It  is  necessary  for  the  satisfactory  study  of  micro-organ- 
isms in  their  relation  to  the  variouR  procesnes  of  infection 
and  disease,  of  fermentation,  i>utrefaetion,  and  the  like,  to 
separate  or  isolate  the  different  species  in  a  mixture,  and, 
having  done  bo,  to  cultivate,  gi'ow,  or  propagate  each 
species  on  suitahle  soils  through  successive  generations. 
A  slight  consideration  will  show  that  unless  we  work  with 
pare  cultures — that  is,  cultures  consistiiig  of  a  single 
species— we  can  never  be  sure  that  a  particular  result  is 
due  to  a  given  organism  ;  in  a  mixture  several  or  all  of 
the  forms  present  may  conduce  to  the  effect  produced. 
With  regard  to  the  pathogenic  organisms,  or  disease  germs, 
Koch  has  laid  down  certain  conditions  which  have  heen 
termed  'Koch's  Postulates'  (p.  1S7),  which  must  be  complied 
with  before  the  relation  of  an  organism  to  a  disease  process 
can  be  said  to  be  completely  demonstrated,  one  of  which  is 
that  *  the  organism  must  be  isolated  and  cultivated  outside 
the  animal  body  on  suitable  media  for  successive  generations.' 

Li  order  to  isolate  organisms  in  a  state  of  purity  it  is 
absolutely  necessary  to  employ  vessels,  instruments,  and 
culture  media  which  are  sterile,  that  is,  free  fmm  any  living 
organiBms,  and  to  possess  the  means  of  manipulating  them 
in  such  a  way  that  the  entrance  of  organisms  from  without 
is  prevented,  and  contamination  avoided.  Various  methods 
of  destroying  and  of  getting  rid  of  organisms  are  known, 


audi  iiH  the  use  of  chomicai  '  f^enniciden/  lieat.  and  filti'a- 
tion  through  i.K>roua  ptircehiin.  The  addition  of  chemical 
germicides,  such  as  carbolic  acid  or  corrosive  sublimate,  is 
out  of  the  question  ;  for  although  the  vessels  and  media 
might  be  rendered  sterile  thereby,  the  growth  of  the 
organisms  which  are  l>einf^  investigated  would  equally  be 
prevented,  bo  that  the  liist  two,  viz.  heat  and  filtration, 
are  those  which  are  pniplnyed,  the  ff>nner  l>*^ing  used  for 


Fio.  1. — HoT-Ain  Stebiuhebm. 


vessels,  instruments,  and  culture  media,  solid  and  f^uid, 
the  latter  for  fluid  culture  media  only. 

Various  apparatus  are  needed  for  sterilization  and  the 
preparation  of  culture  media.    These  will  now  be  described. 

Hot-air  Steriliser  (fig.  1). — This  is  a  somewhat  cubical 
box  of  sheet  iron  with  double  walls,  having  an  air-siwwe  of 
nearly  an  inch  between  them,  ami  furnished  with  a  door. 
The  bottom  should  be  protected  with  a  loose  piece  of  sheet 
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iron  wbich  can  be  renewed  aa  it  '  burns  *  away.  The  top 
is  perforated  T^ith  a  couple  of  holes,  through  one  of  which 
a  chemical  thermometer,  rei^i.stering  to  *200^^  C,  is  inserted 
in  a  cork,  while  through  the  other  some  form  of  mercurial 
regulator  can  be  introduced  if  required,  but  is  not  usually 
needed.  In  the  hot-air  steriliKer  nil  thin-glass  vessels  and 
cotton-wool  are  stei'ilized  by  heating  to  a  temperature  of 
about  150°  C.  by  means  of  a 
Bunsen  or  a  small  ring  burner 
under  the  sterilizer,  which  is 
8upix>rted  on  a  suitable  iron 
stand.  If  the  sterilizer  is  placed 
on  a  table  or  other  wooden  sup- 
port, a  piece  of  sheet  iron, 
asbestos  cardlward,  or  ural  ite 
should  be  laid  over  the  wood  to 
protect  it  from  the  heat.  An 
inexpensive  substitute  f<jr  the 
hot-air  sterilizer  may  readily  he 
devised,  any  iron  box  or  even  a 
biscuit-tin  being  used  for  the 
purpose. 

Steam  Sterilizer  (tig.  2).- 
This  consists  of  a  cylindrical  or 
rectangular  vessel   of    tinplate, 
galvanized      iron,     or     copper, 

covered  on  the  outside  witii  n  laver  of  felt  or  a8]>estos, 
having  a  false  perforated  bottom  supported  a  few  inches 
above  the  true  bottom,  and  provided  with  a  movable  lid. 
In  the  steam  sterilizer  or  '  steamer '  the  culture  media,  and 
thick  glass  vessels  and  other  apparatus  which  would  crack 
or  be  damaged  by  the  high  temperature  of  the  hot-air 
sterilizer,  are  sterilized  Ly  steam.  The  lower  ffuiniber  of  the 
steamer,  below  the  false  bottom,  is  partly  tilled  with  water, 
which  is  lx>iled  by  means  of  a  Bunsen   or  ring  burner. 


Fin. 


Stkah  Stemliser. 
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Abv)ve  the  false  Ijolknn  Ihe  culture  metlia  or  apparatus  are 
placed,  and  are  sterilized  Ijy  theHteam  at  100°  C.  which  fiUs 
thia  Bpace. 

Here  again  an  inexpensive  substitute  may  be  devised  ; 
the  ordinary  kitchen  aaucepan  with  steamer  will  do  well  for 
many  purposes,  while  a  '  warren  pot '  answers  admirably. 

Autoclave  (tig.  3). — This  is 
most  useful  for  many  purposes, 
but  it  is  expensive  and  not  a 
necessity,  as  the  steam  sterilizer 
can  be  made  to  answer  almost 
every  purpose  for  which  the 
luitoflave  is  employed  with  the 
oxpeniliture  of  a  little  more  time 
and  trouble.  It  consists  of  a 
strong  boiler  of  brass  or  gunmetal 
with  a  movable  lid,  whiel!  can  be 
fixed  down  bv  means  of  screw- 
bolts.  The  Hd  is  provided  with 
II  safety  valve,  a  gauge  for 
indicating  the  pressure  and 
temperature,  and  a  stopcock  to 
relieve  the  pressure  if  required. 
A  small  quantity  of  water  is 
placed  in  the  bottom,  and  the 
media  or  apparatus  to  Iks  sterilized  having  been  introduced, 
the  lid  is  screwed  down,  It  is  heated  by  means  of  one  or 
more  Bunsen  burners,  which  are  turned  down  when  the 
required  temi>erature  lias  been  reached.  The  temperature 
usually  employed  is  about  115''  to  125''  C.  Care  should  be 
taken  when  heataig  Hiiids  that  the  vessels  are  not  filled 
too  full,  and  that  the  autoclave  is  allowed  to  cool  down  to 
below  100°  C,  before  relieving  the  pressure  by  opening  the 
stopcock,  or  a  good  deal  may  bo  lost  by  violent  ebullition. 
Also,  while  raising  the  temperature  the  stopcock  should 
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always  be  left  open  until  steam  is  being  freely  generated  in 
order  that  the  air  may  be  expelled. 

Ali'-pump.  —  An  exhaust  pump  is  very  useful  for  many 
purposes,  such  as  evaporating  to  dryness  in  racud,  filtra- 
tion through  porous  porcelain  filters,  tVc,  Any  form  will 
do,  but  of  the  more  elaborate  ones  the  Fleuss  putnp  (Itg.  4) 
made  by  the  Pulsometer  Engineering  Company  in  by  far 
the  best.  In  using  it  care  must  be  taken  that  no  fluid  or 
moisture  gains  access  to  the  barrel ;  to  avoid  this  it  is  a 
goo<l  plan  to  intercept  the  connecting  pipe  with  a  vessel 
containing  strong  sulphuric  acid  (d,  fig.  4),  over  the  surface 
of  which  the  exhausted  air  has  to  pass.  A  donble-necked 
Woulfe's  lx)tlle  does  well  for  thin,  the  inlet  and  outlet  tubes 
extending  nearly  down  to,  but  not  dipping  below,  tlie  surface 
of  the  sulphuric  acid. 

For  greasing  the  vessels  ifec.  to  make  iiir-tiglit  joiuis 
beeswax  dissolved  in  the  Fleuss  pump  oil  with  the  aid  of 
heat  to  a  stiff  paste  is  a  gooii  compoaitimi,  or  the  resin 
ointment  of  the  Fharmacopccia  may  be  used. 

Bell-jars  with  ground  rims  and  one  or  two  tubules  are 
useful  for  evaporation  in  vacuo.  Tliey  Bliould  Htand  on  a 
square  of  thick  ground  glass.  To  make  an  air-tight  joint 
the  surface  of  the  rim  of  the  Ijcll-jar,  which  munt  bo  qiiito 
clean,  should  l)e  well  greased  and  pushed  thorouglily  liome 
on  the  ground-glass  plate.  A  thick  ridge  of  grease  sliould 
then  be  plastered  all  round  the  angle  formed  by  the  rim 
of  the  bell-jar  and  the  glass  plate.  Thick  rubber  pressure 
tubing  must  be  used  for  coniiections,  and  all  jiunts  j^lmuld 
be  well  greased.  For  evaporating  large  quantities  of 
fluid  the  writer  devized  a  copper  stand  with  shelves,  the 
shelves  Bupimrting  glass  dishes  containing  alternately  strong 
sulphuric  acid  and  the  lUiid  to  be  evaporated,  the  whole 
being  placed  under  a  suitable  bell-jar.  A  mercurial  gauge 
is  a  useful  addition  to  show  the  amount  of  exhaust  and  the 
occurrence  of  leakage.     The  ordinary  glass  iilter  pumps 


42 


MANUAL   OF    HA(TKIiIOU)GY 


U80(l  ill  rlieniif'iil  work  und  ai'tunteil  by  a  stream  of  water 
are  also  useful  for  imxny  pur|n>ses. 

Porous  Porcelain  FiUers.^The  two  foitns  which  are 
generally  enijiloyed  are  the  Pasteur-Chamberlainl  and  the 
Berkefeld.  These  consist  of  •candles'  composed  in  tlie 
former  of  un^hiKed  porous  jmrcelain,  in  tlie  latter  of  a 
Hpecially  prepared  diatoniaceoiis  earth.  The  filtration 
through  the  Pftsteur-Chamberland  h  much  slower  than 
throngh  the  Berkefeld.     Both  give  a  germ-free  iiltrate,  but 


Flo.  4. — fhKvea  Exhaust  PtTHi*,  arranoed  for  FxiiTBAnoK. 


the  latter  should  be  employed  if  the  fluid  is  thick  or  con- 
tains many  particles  ;  a  preliminary  filtration  throuj^h  paper 
is  an  advantage.  A  useful  method  of  conducting  filtration 
is  the  following.  Tbe  filter  *  camHe  '  n  (fig.  4)  is  connected 
by  a  short  length  of  pressure  lubin>(  with  a  piece  of  ghiss 
tubing  passing  through  a  rubber  cork  in  the  neck  of  an 
ordinary  filtering  flask  c.  The  '  candle  '  is  placed  in  a  jar  a. 
such  as  a  glass  measure  or  urine-jar,  which  is  filled  up  with 
the  solution  to  be  filtered.  The  lateral  branch  of  the  filter 
flask  is  then  connected  with  the  air-pump.     On  exhausting, 
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the  tluid  passes  through  the  tilter  '  caudle  *  over  into  the 
filtering  tlask,  in  which  it  is  collected.  Before  use  the 
*  candle'  should  he  well  scrnbbeil  an<i  Home  wuter  <ir  half 
per  cent,  carbolic  run  through  to  clean  it,  or  tlie  whole  rauy 
be  sterilized  in  the  steamer  for  an  hour  or  two.  After  use 
the  same  process  should  be  repeated  to  cleanse  it. 

Flasks,  Bvakers,  and  Test-tubes. — A  good  supply  of 
these  is  required  of  various  sizes  :  Erlonmeyer  and  ordinary 
shapes,  tall  and  short  forms  of  beakers,  A:c.  A  few  yeast 
fluRks  are  also  useful.  These  consist  of  im  ordinary  small 
dask,  into  the  neck  of  which  a  piece  of  glass  tubing  is 
sealed  at  right  angles,  and  turned  doM'n  s<j  that  il  extends 
nearly  as  low  as  the  bottom  of  the  ilask  (iig.  12,  p.  67). 
Beakers  and  flasks  of  'Jena*  glass  are  to  be  preferred. 
Enamelled  iron  ware,  ju^,  saucepans,  mugs,  iVc.  may 
replace  glass  for  many  purposes. 

The  best  size  of  test-tube  is  6"  x  3";  a  few  6"  x  k" 
should  jilso  he  kept. 

IHatitium  NtedUs  (^i*.  5).  Two  or  three  platinum 
needles  are  required.      They  consist  of  about  two  inches  of 


platinum  wire  in  a  handle  of  glass  rod.  One  end  of  a 
glaas  nwl  is  softened  in  the  Bunsen  or  blowpipe  flame,  and 
about  an  eighth  of  an  inch  of  the  platinum  wire  is  embedded 
in  it  with  a  forceps,  the  wire  having  been  first  heated  lo 
a  red  heat.  The  glass-wire  joint  is  then  well  annealed 
in  the  flame  and  allowed  to  cool  slowly.  MeLai  handles 
may  also  be  used.  Two  thicknesses  of  platinum  wire  are 
desirable,  viz.  0*4  mm.  (27-28  E.W.G.)  for  most  purposes, 
but  a  thicker  wire  of  about  0*7  mm.  where  stifiCness  is 
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(ind  oue  or  two  H  inches  or  more  in  length  are 

Y'pSf  NeedleSj  t('c* — Several  forceps  are  necesBarj, 
|iary  dissecting  form  in  two  or  three  sizes,  one  or 

of  hue  pointed,  two  or  three  small  brass  ones,  and 
|ireB  pairs  of  the  *  Cornet  *  pattern*  A  few  ordinary 
leedles  of  various  sizm  mounted  in  wooden  handles 

pur[M>Hea. 

.'  Piprtt.r.&  and  Capillary  rwte.s.— These  are  useful 
irving  or  storing  blood  or  pus,  &c.  for  examination. 
|le  water  in  making  cover-glass  speeimens»  and  for 

ler  purjwses.  A  piece  of  glass  tubing  is  heated 
|G\Ypipe  flame  until  quite  soft ;  it  is  then  taken  ottt 

time  and  the  two  ends  pulled  steadily  apart ;  this 

iipjlliu'v  tube  of  greater  or  lesser  length  and  smaller 
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pREPAK-vxroN  OF  Sterile  Test-tubes,  Flasks,  lVc.  for  the 
Rkcf.ption  on  Manipulation  of  Culture  Meiua. 


To  Sterilize  Cotton-wooL — The  best  quality  nou- 
absorbent  cotton-wool  should  he  used  for  plugging  purjiosea. 
The  wool  should  be  pulled  iipart  so  as  to  asHist  the  ptmotrn- 
tion  of  heat ;  in  the  compressed  ccmdition  the  interior  is 
difficult  to  sterilize.  Tlie  Hepiirated  wnol  in  placed  in  the 
hot-air  sterilizer  and  the  temperature  slowly  raised  to 
145°  C.  and  maintained  at  this  for  iiL  least  an  hour.  Alwve 
150°  C.  cotton-wool  becomes  brown  and  brittle. 

Glaus  Fessf/5.— The  vessels  (usually  test-tubes^  flasks, 
and  dishes)  are  thoroughly  waslied  and  rinH(^<l  in  water, 
then  rinsed  with  25  per  cent,  hydrochloric  acid,  and  after- 
wards washed  well  with  tap-water  and  drained.  A  final 
rinse  with  distilled  water  or  alcohol  is  an  advantage,  as  no 
deposit  then  occurs  on  drying.  The  cleansed  vessels  should 
be  dried  before  sterilizing,  either  in  the  air  or  by  placing  in 
the  hot  air  sterilizer  for  half  an  hour.  When  dry,  the 
vessels  are  plugged  with  a  firm  plug  of  the  sterilisied  cotton- 
wool, and  are  placed  in  the  liot-air  sterili/.er,  tlie  temperahire 
of  which  is  then  raised  to  about  150°  C.  They  shmild 
remain  at  this  temperature  for  not  lees  than  half  an  hour, 
after  which  the  sterilizer  and  its  contents  are  allowed  to 
cool  slowly. 

If  tabes  or  flasks  are  required  in  a  hurry  they  may  be 
rapidly  sterilized  as  follows :  After  washing  in  water,  they 
are  rinsed  with  5  per  c«nt.  carbolic,  then  ^Yith  absolute 
alcohol,  and  finally  with  ether,  and  are  then  well  flamed 
over  a  Bunsen  flame,  holding  in  a  suitable  forceps  or 
hf)lder.  The  ether  evaporates  and  burns  at  the  mouth,  and 
when  dry,  a  pledget  of  cotton-wool  is  held  in  the  forceps 
and  singed  in  the  flame,  and,  while  burning,  the  tube  or 
flask  is  plugged  with  it. 
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di^hen  for  plate  cultures,  graduated  pipettes,  &c. 
led  as  described  for  tubes  and  flaekB.  They  may 
ized  and  kept  in  sheet-iron  or  copper  boxes  of 
ate  size  and  shape. 

71  Uiittk-glftss  vessels,  sneh  aa  measures  vfee«,  !iave 
iliKed*  it  IB  not  safe  to  do  this  in  the  hot-air  steriHser 
le  heating  and  cooling  are  carried  out  very  slowly,  as 
very  liable  to  crack.  It  is  preferable,  after  cleaning, 
hem  with  sterilized  cotton-wool  and  steam  in  the 
erilizer  for  an  hour  on  two  Buccessive  days,  raising 
>erature  and  cooling  slowly  on  each  occasion, 

CuLToaE  Media.. 

onlinary  laboratory  methods  of  preparing  culture 
'lere  given,  '  Htantlard  '  media,  having  definite 
i,  are  now  largely  employed.  For  the  method  of 
lizalion  see  p,  56.     Certain  HpBf'ialmedia  will  be  de- 
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culture  niediu,  viz.  peptone  beef-broth,  gelatin,  and  agar- 
agar,  is  an  infusion  of  meat  prepared  Uhually  from  beef. 
In  order  to  preiwiro  this  infusion,  which  may  be  lermed 
acid  beef-broth,  proceed  as  follows  :  Take  1  lb.  of  beef 
(*  gravy  beef ')  free  from  fat,  chop  fine  or  mince,  add  1  htre 
of  lap-water,  and  allow  it  to  simmer  iu  a  saucepan  for  one 
hour,  cool,  remove  any  solidified  fat  from  the  surface,  and 
filter  throuj^h  filter-paper  into  a  clean  glass  flafili.  If  not 
required  for  immediate  usie,  plug 
the  neck  of  the  Hask  with  cotton- 
wool and  steam  in  the  steam  steri- 
lizer (or  boil)  for  three-quarters  of 
an  hour  on  two  suceessive  days ; 
it  may  then  be  kept  until  recjiiired. 
Peptone  Berf-broUt.^Tiike  1 
litre  of  the  acid  beef-broth,  add-  to 
thia  10  grama  of  peptontj  (Witte's) 
and  5  grams  of  common  salt  (i.e. 
1  per  cent,  peptone  and  0*5  per 
cent,  sodium  chloride),  mix  in  a 
flask,  and  ste^im  in  the  steam 
sl-erilizer  until  dissolved.  When 
disHidved,  remove  from  the  steam 
sterilizer  and  render  slightly  alka- 
line with  a  10  per  cent,  solution 
of  caustic  soda  (preferably)  or  of 
sodium  carbonate,  glazed  litmus- 
paper  l>eing  used  as  an  indicator. 

Having  done  this,  return  to  the  steamer  for  one  hour, 
then  filter  through  two  thicknesses  of  German  filter-paper. 
It  should  now  be  quite  clear  and  l>right  and  may  be  kept  in 
bulk,  aft^r  sterilizing,  or  be  introduced  into  teHl-tubes  itc, 
and  sterilized.  Beef-brotli  if  prepared  in  this  manner  may 
need  no  clarifying,  but  if  it  should  filter  at  all  cloudy,  cool 
to  50°  C,  add  the  white  of  fin  egg  beaten  up  with  the  shell, 


-TiBKrt  or  Cui.TUHi: 
Mkuia. 

A,  upright  mgmx  :  B,  potato  : 
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LIU  for  half  an  hour,  tilter,  and  iinatly  sterilize  as 

ad  of  meat  infusion,  meat  extracts  have  bean  mueh  used 
The   general   opinion  13,  howeverj  that  meat-extruct 
e  not  such  good  nutrient   soils  for  many  purposes  as 
ide  from  meat.     The  following  is  the  composition  of 
'  broth  : 

lemco   ......     10-20  grama. 

eptone  (Witte)      ....     10^20  grams. 

odinm  chlorido     .         ,         .        .       6-10  grams. 
/ater  (prefembly  distilled)    *         .             1  litre. 

:on9titLiQnts  are  dissolved  witb  the  aid  ol  heat,  QeutraliE^eEd, 
and  filtered,     Lemco  may  also  be  used  to  make  aU  the 
^dia  for  which  acid  beef-broth  is  employed, 

i'broth.^For  some  purpoaes  veal  presents  advaii- 
er  beef,  as  for  growiiip[  the  tubercle  bacillus.    Wheu 
1  from  the  butcher's  the  veal  ia  frequently  powdered 
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Brer-tcort. — Procure  beer-wort  (preferably  unhopped) 
from  the  brewery.  Allow  it  to  btand  in  a  cool  place  for 
twelve  houi*s,  filter,  and  then  steam  for  an  hour  and  filter 
again.     Fill  into  sterile  test-tubes  and  sterilize. 

Glticofie  Broth.  — For  tlie  ciittivHlion  of  anaerobic 
organisms  the  addition  of  0*5  to  2  per  cent,  of  grape  sugar 
is  an  advantage.     It  should  bo  added  after  liUration. 

Xutrient  Gelatin. — Take  1  litre  of  tlie  acid  beef- 
broth  in  a  large  flask  and  add  to  it  100  grams  of  the  best 
'gold  label  *  gelatin,  10  grams  <»f  prptDne,  and  5  grams  of 
common  salt.  Place  in  the  water-bath  or  steamer  until 
t]ait<e  di88olve<l.  Then  render  faintly  alkaline,  as  for  the 
j»eptone  beef-broth  ;  cool  to  50"^  C,  and  add  the  white  of 
an  egg.  stir  well,  and  return  to  the  steamer  for  one  hour. 
Filter  through  two  thicknesses  of  filter-paper  in  a  hot- 
water  funnel  (this  is  best,  but  it  may  be  done  in  the 
steamer  at  a  low  teraperature,  i.e.  85"  C.)  Fill  into  test- 
tubes  and  sterilize.  After  the  third  steaming  the  tubes 
are  allowetl  to  solidify,  either  in  the  upright  or  oblique 
position,  according  as  they  are  required  for  stal)  or  surface 
cultivation. 

In  hot  summer  weather  15  or  even  20  pt-r  cent,  of  gelatin 
(150  grams  or  2(X»  grams  to  the  litre)  are  necessary  for  the 
product  to  remala  solid,  as  nutrient  gelatin  melts  at  24"  C.  or 
a  little  under.  Prolontjfed  boiling  diminishes  and  ultimately 
destroys  the  <relatimziug  power  ot  gelalin,  so  the  less  it  is 
heated  ibe  better.     It  must  not  be  autoclaved. 

Glucose  Gc/u^/h.— Ordinary  gelatin  with  the  addition 
of  1  to  2  per  cent,  of  grape  sugar. 

Beer-wort  Gelatin. —This  is  one  of  the  best  culture 
media  for  yeasts  and  some  of  the  fungi  (e.g.  ringworm). 
Procure  from  the  brewery  some  beer-wort,  preferably 
unhopped,  and  add  to  every  litre  100  grams  of  gelatin. 
Disaolve^  clarify,  and  filter,  us  in  the  case  of  ordinary 
gelatin.     It  is  not  neutnilixed. 
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tiiciit  Agar-agar.     Thi&  is  one  of  our  moat  vhIu- 
ilture  media,  and  has  the  advantage  over  imtrient 
thiit  it  remains  solid  at  blood-heiU. 
T  m  £L  carboliydrate  substance  of  high  melting-point 
jaitierable  ^elatiniising  powei",  obtnined  from  Eastern 
Is.     The  powdered  form  is  now  generally  used.     Add 
ns  (i.e.  1^  per  cent.)  of  powdered  agar  to  1  litre  of 
^ef*broth,  together  with   10  grams  of  peptone  and 
3  of  common  salt  in  a  large  glass  flask,  place  in  the 
atli  until  dissoived  (half  an  hour  to  one  hour),  and 
nder  alkaline  as  for  peptone  beef-broth  ;  allow  it  to 
50°  C,  aud  add  the  white  of  an  egg.     Return  to  the 
*  for  an  -hour  and  a  half,  then  filter  through  an 
Vcv'paper  (*  papier  Chavdin  ')  in  a  hot-water  funnel 
B  steamer.     By  this  treatment  a  litre  of  agar  should 
rough  the  filter  in  two  to  three  hours.     If  it  does 
iit^    through   clear,    add  another  white  of  egg  and 
he  process. 
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Glycerin  Aijar. — Add  4  to  \\  \wr  L-ent.  of  glycerin  to  the 
nutrient  agar  after  filtration  and  proceed  as  before. 

Glucose  Agar, — One  or  two  per  cent,  of  grape  sugar  is 
added  to  the  nutrient  agar  after  tiltration. 

Litmus  Media, — The  addition  of  neutral  litmus  to  the 
various  culture  media  is  a  useful  method  of  dcmi>nHtruting 
the  production  of  acid  or  of  alkali  by  organisms.  To  pre- 
pare the  litmus  solution  take  the  lump  litmus,  powder 
finely,  and  boil  witli  distilled  water  so  that  a  saturated 
solution  is  obtained.  Filter,  and  preserve  in  a  Hask  stop- 
pered with  cotton-wool,  after  sterilizing  by  boiling  for  half 
an  hour  on  two  successive  days.  For  some  purposes  a 
special  solution  of  litmus^  the  KubGl-Tiemanii  solution, 
which  can  be  procured  ready  for  use,  is  employed.  It 
must  not  have  any  antiseptic  added  to  it  (as  is  sometimes 
done  to  preserve  it  for  use  in  the  chemical  laboratory). 

Sufficient  of  this  litmus  infusion  is  added  to  the  nutrient 
media,  after  filtration,  to  tin^^e  them  a  distinct  purplish 
colour.  After  steaming  the  colour  has  usually  disappeared, 
hut  returns  as  the  tul>es  cool. 

Milk, — If  possible,  procure  separated  milk,  but  failing 
this,  take  ordinary  new  milk,  place  in  a  tall  cylinder  or 
beaker,  and  allow  it  to  stand  overnight  in  a  cool  place, 
preferably  in  an  ice  safe.  Then  pipette  off  the  milk  from 
the  bottom,  rejecting  the  cream.  Introduce  into  test-tubes 
to  the  depth  of  al>out  an  inch  to  an  inch  and  a  half  and 
steam  for  one  hour  on  two  successive  days.  The  milk  is 
usually  tinged  with  litmus  before  tubing,  forming  litmus 
milk. 

Potatuea. —  Choone  sound  potatoes,  and  scrub  them  well 
with  water  to  remove  dirt.  Cut  off  the  ends,  and  with 
a  cork-borer,  slightly  smaller  than  the  test-tuberi  which  are 
used,  bore  through  the  potato  so  that  a  cylindrical  piece  is 
removed.  Push  this  out  of  the  borer,  and  divide  it  into 
two  portions  by  a  very  oblique  transverse  cut,  so  that  two 
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liaped  pieces  are  obtained,  and  in  this  manner  pre* 

many  pieces  ab  there  are  tubes  to  be  filled,     Plaee 

1  a  basin  under  the  tap,  and  allow  the  water  to  flow 

em  for  about  two  hourH,    This  prevents  the  darken- 

the  potato  in  the  subsequent  steaming.     The  test- 

r  the  potato-wedges  are  prepared  as  follows ;  After 

phigging  and  sterilizing  in  the  ordinary  way, 

introduce  a  small    pledget  of  sterilized  wool 

into  each,  push  to  the  buttom,  and  moisten 

with  a  little  eterilized  distilled  water*     Drop 

the  potato- wedges  into  the  tubes,  plug,  and 

sterilize  by  steaming  for  three-quarters  of  an 

hoar  on  two  succeesive  days  (fig.  ?»  b).     The 

objectofthe  moist  wool  is  to  prevent  drying,  and 

for  the  same  purpose  Houx'b  tubes  {fig.  8)  may 

be  used,  the  lower  bulb  being  filled  with  water. 

Blood  Seriini.^Q\^^xi  some  glass  jars  of 

about  2  to  3   litres  eapaeity,  plug  with  wool, 


CULTURK   MEDIA  53 

The  seram  inspisaafcor  is  prtietically  *i  large  incubator 
(see  p.  58)  with  Inclined  shelves,  on  which  the  lubeH  uf 
stt-am  rest. 

Lojffler's  Blood  Serum. — The  serum  is  procured  in  the 
manner  described  for  the  simple  blood  serum.  To  every 
three  parts  of  serum  one  piirt  of  sterile  gtucoae-broth  is 
added,  mix,  till  tubes,  and  inspissate  as  before.' 

Seram,  ascitic  and  hydrocele  fluids,  &c.  may  be  pre- 
served in  bulk  and  used  as  required.  The  material  is 
collected  as  aseptically  as  possible,  5  per  cent,  chloroform 
added,  the  whole  well  mixed,  and  kept  in  a  cool  place  in 
the  dark  in  a  well-stoppered  bottle.  During  the  process  of 
sterilization  the  chloroform  is  volatilised. 

Fluid  Seruvi  d-c. — Fluid  blood  serum,  ascitic  and 
hydrocele  fluids,  &c.  are  sometimes  useful,  and  may  be 
used  alone  or  mixed  with  paptone  beef-broth  in  various 
proportions. 

Ascitic  or  hydrocele  fluid  may  be  obtaineti  by  using 
sterile  trocars  ifcc,  and  carrying  out  tbe  tapping  with  aseptic 
precautions,  collecting  the  Hiiid  in  sterilized  dasks.  It  is 
better  to  collect  in  several  small  flasks  tlian  in  one  large 
one. 

Fluid  blood  serum  may  be  obtained  by  collecting  blood 
with  aseptic  precautions  in  sterilized  flasks.  When  the 
blood  has  coagulated  and  the  serum  separated,  the  serum 
is  pipetted  off  with  a  sterile  2>ipette  into  sterile  flasks. 

The  flasks  of  serum  &c.  should  be  kept  in  a  warm  place 
for  two  or  three  days  to  make  sure  that  they  are  sterile, 
those  in  which  a  growth  appears  being  rejected. 

Berum,  ascitic  fluid,  &c.  may  also  be  obtained  sterile  by 
filtering  through  a  sterilized  Berkefeld  Alter  into  sterile 
flasks. 

Strum  Agar  (Kantback  and  Stevens). — Ascitic,  pleuritic, 
or  hydrocele  fluid   is   collected  in  clean    (not  necessarily 

*  Loftier  originally  used  ux  serum. 
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id)  flasks,  and  allowed  to  stand  overnight  in  a  cool 

allow  the  sediment  or  blood  to  collect.     The  clear 

then  poured  off,  and  to  each  litre  enough  of  a  10  per 

[austic  potash   solution  is  added  to  render  it  very 

Ay  alkaline--  usually  about  2  c.c,  to  every  100  e.c.  of 

Id.     The  alkaline  fluid  ia  heated  in  the  autoclave  for 

four  hours.     To  this  fluid  1*5  to  2  per  cent,  of  agar 

d,  and  the  mixture  heated  until  the  agar  is  dissolved. 

[hen  tillered,   introduced  int-o  test-tubes,    sterilised, 

lidified  in  the  ordinary  way.     The  addition  of  5  per 

glj-^cerin  and  1  per  cent,  of  glucose  ia  an  advantage. 

lum  agar  may  also  he  prepared   by  adding  sterile 

or  hydrocele  or  ascitic   fluid,  warmed  to   45°  C,  to 

[nutrient  agar  {2  to  B  per  cent,  agar)  melted  and  cooled 

C.     Equal  parts  of    the   serum  and   agar  may  be 

or  1  part  of  serum  to  2  parts  of  agar. 

\od  ^l^ar,-- This  may  be  prepared  by  smearing  the 

of  the  agar  in  sloping  agar  tubes  with  blood  obtained 
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waahing  with  carl)onate  of  8oda  solution,  rinsing  in  nterile 
I  water,  soaking  in  1-500  corrosive  flublinuite  solution,  und 

I  washing  in  alcohol  untl   in  ether.     A  smull  bole  is  then 

chipped  in  the  shell  with  a  sterile  needle  and  the  inocula- 
tion made  through  this.  The  hole  is  afterwards  closed  with 
a  little  sterili/.ed  wool  and  collodion. 

I  A  solution  of  known  composition  without  protein  which 
he  used    for   investigating    the  chemical    products   of 
uactei'ia.     Pathogenic  organisms  grow  well  in  it  and  pro- 
duce their  toxins. 

Pasteur\s  Fluid. 


Uschinskif's 
Sodium  chloride    . 

Fluid. 

P.iru. 

5-7 

Calcium  chloride   . 

01 

Magnesium  sulphatt^ 
Di-potassiiuti  pliospliat*) 
Ammonium  lacttite 

0-2 -0-4 

2  2-5 

6-7 

Sodium  asparaginate 

Glycerin 

Water   .... 

3-4 

30-40 
1000 

Cane  sugar    .... 
Tartrate  of  ammonia 
The  ash  of  1  gramme  of  yeast 
Water  . 

A  good  culture  fluid  for  yeasta  &c. 


Purw. 

10 

1 
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Stand.vrd  Nutriknt  MEmA. 

Slight  variations  in  the  composition  of  the  nutrient 
media  have  a  marked  inHueiu^e  ujmu  the  characters  of  the 
growths  of    micro-organisms  developing  upon  them.     In 

'  Several  fomiulw  for  gyntlietiised  media  will  be  fannd  in   the  Journal 
of  Exprratuntal  Mfdiciiie,  iii,  |».  6(50. 
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obtain  more  uniformity  for  descriptive  purpases  ifcc, 
littee  of    the  American  Public  Health  Associatioii 

a  scheme  for  the  preparation  of  nutrient  media  of 
uately  constant  compoBition  and  reaction.     Eyre  ^ 
L)ted  considerable  attention  to  this  subject,  tmd  the 
g  descriptions  are  based  largely  upon  his  papers. 
'yqKiratiun  of  Acid  Beef- broth. — 1000  c.c,  of  dib- 
iter  are  introduced  into  a  large  flask,  500  grams  of 
linced  fresh  lean  beef  added,   and  the  mixture  Is 
in  a  wate^bftth  at  40°-45''  C.  for  twenty  minntes 
i^quent  af^itation.     It  m  then  boiled  for  ten  minutes, 
[,  and  filtered  through  paper.  To  the  filtrate  sufficient 
[  water  is  added  to  make  up  to  1000  c  c. 
Uandardlzatlon.  —This   may   be   most  simply  de- 
in  the  ease  of  acid  broth.     A  100  c.c*  Erlenmeyer 
linBed  out  with  boiling  distilled  water,  25  c.f.  of  the 
3f-broth  are  introduced  into  it,  and  0-5  c,c,  of  phenol- 
in  solution  is  added  (0-5  per  cent.  i>henolpIilhalein  in 
L^ent.  alcohol).     This  is  kept  boiling  and  deeinormal 
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litmas  but  neutral  to  phenolphthalein.  To  reduce  the 
jilkulinity  (to  litmus)  uormul  hydrocbloric  acid  is  then 
added.  The  American  Commitlee  recommended  an  acidity 
of  +  I'o — that  is,  to  every  100  c.c.  of  the  niedinni  neutral  to 
phenolphthalein  1*5  c.c.  of  the  normal  hydrochloric  acid  are 
added.  Eyre  advises  a  reaction  of  +  1*0  (i.e.  1  c.c.  of 
normal  hydrocliloric  to  every  lOU  c.c),  while  Chester  eon- 
eiders  that  the  acidity  should  not  exceed  +  0-5.  Whatever 
the  reaction  adopted,  it  shouhl  be  ntaled.  Similarly,  if  a 
medium  is  used  which  is  alkaline  Lo  phenolphthalein,  this 
is  expressed  by  the  minus  sign  ;  e.g.  a  reaction  of  —  1*5 
indicates  that  to  every  100  c.c.  1*5  c.c.  of  normal  hydro- 
chloric acid  must  he  added  to  render  it  neutral  to  plienol- 
phthalein,  or,  what  is  almost  (but  not  quite)  the  same  thing, 
that  to  the  neutral  medium  1-5  c.c.  of  normal  caustic  soda 
solution  have  been  added  to  every  100  c.c.  Various 
methods  are  adopted  to  obtain  the  standard  reaction ;  the 
American  Committee  recommend  first  neutralizing  and 
then  adding  suihcient  acid  (or  alkali)  :  Eyre,  having  calcu- 
lated the  acidity,  adds  only  sufficient  alkali  to  reduce  the 
reaction  to  the  required  ]Hiint.  Eyre  deBcribos  the  reaction 
as  represented  by  the  number  of  c.c/s  of  alkali  or  acid  per 
litre,  e.g.  + 10  on  Ryre*s  scale  is  equivalent  to  the  American 
+  1*0,  In  making  nutrient  broth,  agar  and  j^elatin,  the 
salt  and  peptone,  and  agar  or  gelatin,  are  added  and  dissolved, 
and  the  titration  and  neutralisation  carried  out  as  described, 
on  the  fluid  medium  itself,  and  after  neutralization  the 
whole  is  heated  over  a  water-bath  for  half  nn  hour  before 
filtration. 

Thb  Culthation  and  Isolation  of   Micro-okoanisms. 

It  should  be  clearly  understood  that  micro-organisms 
cannot  usually  be  identified  by  tlieir  microscopical  characters 
alone.  We  can  state  fi-om  a  microscopical  examination  the 
form  of  an  organism,  that  it  is  a  bacillus,  or  a  micrococcus, 
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eina,  itssixe,  that  it  it*  motile  or  non-motil«,  sporing 
f^poring,  liut  we  cannot  as  a  rale  go  Imvojid  this.    It 
Biirv  in  cnoHt  cases  to  aBcertuin  the  characters  of  the 
of  organisms  on  the  various  culture  media  before 
can  be  identified,  and  i)m  ia  the  main  reason  for 
!i  varied  aaaortnient  of  nutrient  soils.     It  is  likewise 
ry   for   the    succeisfui    cultivation    of    pathogenic 
ins,  Le.  tliose  connected  with  disease  processes  and 
itig  in  or  upon  the  bodies  of  man  and  of  animals, 
tain  the  uulturee  at  a  temjjerature  approximating  to 
the  host.     For  thin  purpose  some  form  of  incubator 
riid.     This  coneUts  of  a  box  or  chamber  of  copper 
with  double  walls  (fig.  9),  the  spa<;e  between  which 
\\ith  water,  the  outside  bfiinf?  covered  with  wood  or 
■^ome  other  non-conductor.     The  water  between  the 
heated  by  means  of  a  small  burner,  the  gas  supply 
■h  parses  through  some  form  of  regulator  inserted 
water,  so  that    the   temperature,    indicated   by  a 
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an  advantage.  If  there  be  only  one,  the  regulator 
should  be  set  for  a  temperature  of  S?**  C. ;  if  more, 
another  ahould  be  kept  at  about  "i'i"  C  The  incubator 
At  37*  C.  ia  termed  the  warm  or  blood-heat,  and  that  at 
22"  C.  the  cool  or  room  temperature  one.     An  ordinary 
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warm  room  will  answer  most  of  the  purposes  of  the  cool 
incubator.  A  third  incubator  set  for  42°  C.  is  useful  for 
water  work. 

A  substitute  for  the  large  and  expensive  incubator  can 
readily  be  devised.  An  ordinary  chemical  hot-watev  oven 
may  be  employed,  or  simply  a  Btnatler  tin  Bet  in  a  Humewhat 
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le,  tlie  infceiKpace  being  lillecl  with   water  ;  whilSj 
ttle  scheming,  reguhitorw  c^iti  be  dispoueed  with  bj 
tse  of  a  small  gas  or  lamp  ilame,  varying  its  aiae 
mee  from  the  bottom  until  the  right  temperature 

attained.     Gas  is  certainly  ti  great  convenience, 
■e  none  is  available,  regulating  oil  lamps  t;aii  be 

to    take   itH   ]ilace.      Electricity   has   also    been 
for  beatin*^  ineubators. 

in  will  remain  solid  only  at  temperatures  below 
ikI  cannot  therefore  be  placed  in   the  blood-heat 
r  without  becoming  for  practical   purjKJSes  a  fluid 
Agar,    however— and  this  is  one  of   its   most 
propertieiii — dues  not  liquefy  below  a  temperature  of 
C,  though  when  once  liqueiied  it  does  not  set  again 
^  temperature  has  fallen  to  about  45°  C.     Gelatin 
ore  usually  reserved  for  use  at  low  temperatures, 
ar,  blood  sserum,  potato,  and  the  fluid  media  can  be 
lifferently  either  at   low  or  at  hit(h  temperatures. 
^fjgydj|jU|yiul^^ 
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the  formation  of  a  clot  of  casein.  Moat  urKanisms  which 
liquefy  gelrttin  coagnhifce  milk,  but  the  converse  is  not  the 
case.  Agar  is  carbohyilrate,  not  albuminoid,  in  nature,  and 
is  not  liquefied  by  any  organism.  In  fluid  media,  such  as 
broth  and  peptone  water,  chemical  t^sts  can  be  applied^ 
especijilly  for  indole,  which  is  formed  by  some  organiHms 
but  not  by  otliers. 

Method  of  Inoculating  Tm^^j.  —  Supposing  there  is  a 
pare  culture  in  a  test-tube  from  which  HubcuUurea  are 
desired,  the  following  is  the  method  of  procediue.  Tubes 
of  suitable  media  having  been  selected,  they  are  placed  iii 
a  test-tube  rack.  Thf^ir  mouths  are  then  nin^ed  by  hohling 
in  the  Bunsen  tlame  for  a  few  seconds,  and  with  a  forceps, 
also  sterilized  by  heating  in  the  flame,  the  wool  plugs  are 
loosened  by  a  rotatory  motion,  and  then  partially  withib-juvn. 
A  platinum  needle  is  nelected  and  iNuvfully  HtraighteiRnl. 
The  original  culture-tube  having  been  smged  and  its  plug 
partially  withdrawn,  in  the  same  mantu-r  as  the  sterile 
tubes,  is  then  taken  in  the  left  hand  between  the  thumb 
and  index  dnger  with  the  palm  upwards^  and  is  held 
obliquely,  the  mouth  of  the  tube  piujitiii;;  to  the  right, 
a  tube  of  sterile  medium  being  held  side  by  side  with  the 
original  culture  in  an  exactly  similar  manner.  The  wire 
of  the  platinum  needle  ia  then  heated  to  redness  by  holding 
nearly  vertically  in  the  flame,  and  the  lower  part  of  the 
handle  is  also  heated  carefully.  Holding  the  sterilized 
needle  between  the  finger  jiiul  Ihunibof  the  right  hand,  the 
plug  of  the  original  culture  in  now  withdrawn  by  grasping 
between  the  ring  and  little  fingers  of  the  right  hand,  and 
is  held  there  while  the  platiinim  net^dle  is  carefully  intro- 
duced into  the  tube  without  touching  the  mouth  or  sides, 
and  a  trace  of  the  growth  is  picked  up  with  it,  prefexably 
from  the  margin.  To  be  sure  that  the  needle  is  cool,  it 
may  be  first  touched  on  the  medium  where  there  is  no 
growth.     The  needle  is  quickly  withdrawn  without  touching 
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nf  the  tube  and  the  plug  iit  once  replaced.    The  plug 
rile  tube  is  now  withdrawn  in  the  stime  manner, 
iiocuUted  needle  introduced.     If  a  typical  surface 
)  dosired,  a  single  liglit  strt?ak  is  nmde  with  the 
jia  the  bottom  to  the  top  of  the  medium  without 
ng   the  surface  ;    if   an  abundant  growth  be  re- 
r  any  purpoBe  the  whole  surface  of  the  medium 
Libbed  with  the  needle  ;  if  a  stab  culture,  the  aeedle 
d  steadily  into  the  centre  of  the  medium  and  with- 
f  a  fluid  one,  the  gi'o^ith  removed  is  rubbed  up  on 
of  the  tube  at  the  margin  of  the  fluid,  and  the 
washed  down  by  tilting  the  tube.     The  inoculation 
[^en  completed,  the  plug  is  (juickly  replaced,  and 
i'  iH  again  heated  in  the  dame  to  destroy  the  re- 
the  growth  upon  it.     If  the  original  culture  ia  in 
ah,  or  a  fluid  medium,  a  looped  platinum  needle 
ctiinea  be  used  with  advantage.     The  inoculations 
Ij  the  mouths  of  the  tubea  are  singed  and  the  wool 
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for  five  minutes,  Hiid  then  cooled  ntul  Kuliditied  in  cold 
water.  The  object  of  this  is  to  soften  the  medium  so  tliat 
it  does  not  split,  as  a  dry  niedinm  will,  when  the  needle  is 
plnnged  into  it,  while  the  needle  track  closes  up,  and  the 
dissolved  oxygen  is  got  rid  of.  The  tubes  being  eool,  the 
ino<rulution  is  made  with  a  long  thin  needle,  preferably 
straight,  but  in  some  cuses  a  closed  loop  will  pick  up  more 
material.  It  is  inoculated  and  plun^^ed  steadily  into  the 
oentre  of  the  uiediiun,  nearly  to  the  bottom,  rotated,  and 
then  withdrawn,  and  tlie  wool  pluf^  re|)Liced  and  sin^'ed. 
The  tube  is  then  carefully  heated  at  the  upper  border  of 
the  medium  so  as  to  melt  this  sli^^btly  and  seal  the  puncture, 
and  a  well-fitting  rubl»er  cup  is  ap[tlied  wliile  the  tube  is 
hot.  The  heating  expels  a  portion  of  the  air  and,  with  a 
well-iitting  cap,  creates  a  negative  pressure  within  the 
tube,  80  that  the  residual  oxygen  is  not  so  readily  absorbed, 
or  the  tubes  may  be  placed  in  a  Buchner  apparatus  (see 
below).  The  tubes  are  placed  in  the  incubator  at  a  suit- 
able temiierature,  and  it  will  be  found  that  the  most  strictly 
anaerobic  organisms  can  be  cultivated  in  this  way. 

When,  however,  an  organism  is  requited  to  growa!tat^-ro- 
bically  on  tlie  surface  of  the  medium,  or  iu  a  Jhiid  medium, 
some  other  method  must  be  adopted.  The  tubes  may  be 
placed  under  the  rei'eiver  of  an  air-pump  and  exhausted  as 
completely  as  possible.  This  is  not  very  convenient,  for  it 
is  ditlicult  without  great  care  tn  maintain  a  vacuum,  and 
special  receivers  must  be  used  when  the  cultures  have  to  be 
incubated  ut  blood-heat,  while  with  duid  media  ebullition 
causes  considerable  difficulty. 

For  fluid  cultures,  Hamilton's  method  is  the  siniplesfc 
of  all.  The  iluid  in  the  tubes  is  covered  with  a  layer  of 
olive  oil  1-2  cm  thick  and  the  tubes  are  then  sterilized. 
The  layer  of  oil  prevents  the  access  and  entrance  of 
oxygen.  The  only  disadvantage  is  that  the  inoculation,  or 
the  withdrawal  of  culture,  must  usually  be  performed  with 
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glass  pipette  ;  if  a  needle  be  used  the  material  ia 

Ible  to  Ife  detached  in  the  oiK 

tlier  method  (Buchner's)   is  that  uauallj  adopted, 

siaLs  ill  absorbing  the  oxygen  by  means   of  alkali 

[ogallic  ucid,  and  so  ciiUiviiUng  iE  an  atmosphere  of 

This  can  be  carried  out  in  two  wajs — either  in 

a  wide-mouthed  bottle  with    well-fitting 

glass  stopper,  sufficiently  large  to  contain 

the  teat-tubes,  or  in  a  Buchner's  tube. 

Por  the  first,  the  stopper  of  the  bottle  is 

vaselined  and  the  inoculated  test-tubes 

are  placed  in  it.     Some  solution  ol  pyro- 

ffallic  acid  in  water  ia  run  into  the  bottle 

by  means  of  a  thistle  funnel,  and  then 

Bome  caustic  potash  solution-     A  strong 

solution  of  pyrogaUic  acid  ia  employed, 

and    mixed   with   an    equal    volume   of 

20  pBr  cent  i^austie  potash.'     As  quickly 
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an  inch  an<l  a  lialf  from  the  lx)ttom.  The  conetrk- 
tion  supports  the  test-tube  culture^  while  the  mixture  of 
pyrogollie  aeid  and  caustio  potaeh  fills  thr*  portion  below 
the  constriction.  A  well-tifctinc(  rubber  crork  cIohob  the 
mouth  of  tlie  tube,  and  the  joint  may  l>e  paraffined  for 
a<lditiona1  security. 

The  diBplacement  of  the  atmowpbere  by  uieaiiK  of 
hydrogen  may  l)e  adopte<l,  and  is  to  be  preferred  for  llnid 
cultures.  Hydrogen  does  not  seem 
to  inhibit  the  growth  of  any  an- 
ivi-robic  organisms,  whereas  carbon 
dioxide  gas,  which  might  be  Rtill 
more  conveniently  used,  has  a  very 
decided  inhibitory  action  on  some 
species.  The  hydrogen  is  best 
generated  from  zinc  and  sulphuric 
acid  iu  a  Kipp  apparatus,  or  the 
oompressed  gas  in  cylinders,  or 
even  coal-gas.  may  be  used.  Care 
must  be  taken  that  all  joints  arc 
tight,  and  they  may  be  paraffined 
with  advantage.  The  gas  should 
be  passed  through  a  strong  solution 
of  caustic  |K)tash,  and  may  be 
passed  through  some  alkaline  pyro- 
gallic  acid  if  t!ie  most  rigorous 
condition  of  anarrobioslH  is  desired, 
but  (or  ordinary  purposes  this  Ls 
not  essential ;  it  should  also  pass  through  two  or  three 
fairly  firm  plugs  of  cotton-wool  to  remove  organisms  ; 
these  must  be  dry.  for  if  moist  the  passage  of  the  gas  may 
be  stopped. 

For  tube  cultures  Frankel's  method  may  be  adopted 
(tig,  11).  The  liroth  or  gelatin  is  introdncpd  into  a  large 
strong   test-tube,    the    mouth    of    wliifh    in   plugged   with 
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'  cork  pierced  with  two  holes*     Througli  tbewe  hoiee 
eB  of  ^la&s  tubing  pass,  one  to  the  bottom  of  the 
B  other  just  through  the  cork-     (^iitfikle  the  cork 
libeB  avfi    bent   over   at   ri^^ht  aiif^lew  i\nd    meh  in 
ili^4iUy  ttnt  m  as  to  contract  itR  lumen  at  about 
:lle.      The  ton^^  tiilie  is  (^oiinectecl  witli   the  liydro* 
\*\y,  and  a  current  of  tho  f^as  is  imssed  through  ajul 
]»y  tht*  shorter  tube.     After  the  gaa  has  been  paBBing 
ty  minntes  to  half  an  hour,  and  all  twfgen  hua 
teUedf  the  distal,  i.e.  flhorter,  tube  is  sealed  off  ;it 
racted  portion  hi  the  Bunsea  or  blowpipe  flame, 
n  the  proximal  or  longer  one  in  the  same  manner. 
>ber  eork  nmwt,  of  course,  fit  well,  and  the  joints 
it.  piiraftined.     If  gelatin  be  the  medium,  it  miiat 
fhiid  in  a  bath  of  warm  water  while  the  hydrogen 

Ijroth    or    fluid   cultures,  which  are  essential  for 
g  toxiL-  products,  flasks  are  used  which  are  fitted 
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writer.  '  Yeast  (lasks/  which  can  be  obtauictl  in  vai'iouH 
sizes,  are  made  use  of,  and  are  filled  three  parts  full  with  a 
2  per  cent.  Rrape-sugar  bouillon.  The  neck  is  corked  with 
n  perforated  rubber  cork  (a,  fig.  12),  through  which  a  gbiKH 
inU',  It,  pasHeR  to  tho  botloui  of  the  thisk,  |>i'ojectint; 
two  inclioH  above  thf>  niblmr 
cork  and  here  jdugged  witli 
ootton-wooi.  The  biteral  tul>e 
of  the  yeast  flask  is  also 
plugged  with  cotton- wool,  rare 
l>eing  taken  that  the  plugs 
are  loose  enough  to  allow  air 
to  pass  freely.  The  whole  is 
aterilized  and  inoculated.  The 
8  tul»e,  n,  which  iMiHKes 
through  the  ruliber  cork,  is 
then  connected  with  a  Kipp 
or  other  hydrogen- generating 
Apparatus  by  means  of  a  rub- 

Ilier  tnl»c,  and  a  current  of  hy- 
drogen is  passed  through  the 
flask.  The  hydrogen  l)ub!>lefi 
through  the  l>ouillon  and 
escapes  by  the  lateral  tube. 
^ter  the  gas  has  been  pass- 
ing  for  half  an  hour  a  small 
tube  containing  mercury,  c,  ifi 
a[)plied  to  the  end  of  the 
lateral   branch,    ho    that   the 

open  end  just  dips  below  the  surface  of  tlie  mercury,  and  the 
lttl>e,  B,  which  passes  through  the  rubber  cork,  is  sealed  off 
in  the  blowpipe  tliime,  care  Imng  taken  that  all  the  air  has 
been  exi>elled  from  the  Hask  by  a  free  current  of  hydrogen. 
The  tlask,  with  the  capsule  of  mercury  applied  to  the  end  of 
the  lateral  branch,  can  then  be  placed  in  the  incubator. 
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\e  mereury  forms  a  valve  through  wbich  air  eannot 

?hile  gases  formed  Ly  the  growth  of  the  organism 

ie  exit. 

large  flasks,  the  lateral  tube  may  be  just  bent  down 

|ttle  etipRiila  of  mercury  hunj^  on. 

addition  of  i  to  1  per  cent,  of  flodium  foimate  to 

;ure  media  much  ainiplitiea  anaerobic  cultivatioti ; 

jnuR  l)acillus,  for  example,  can  be  giown  in  formate 

\n  a  stoppered  lx>ttle  without  any  elaborate  pre- 
fer excluding  the  last  traces  of  air.  The  sodium 
should  he  added    imraediately  before    the  hist 

.tion,  not  previouslyj  or  decomposition  may  occur. 
E^ulphiudigotate  (O'S  per  cent.)  may  be  similarly 

such  a  broth,  Dean's   bottle   may  be   used   for 

lie  cultivation.     This  consiBts  of  a  bottle  around  the 

wliich  a  gutter  for  mercury  is  formed.     A  loose 

p  fits  over  the  mouth  of  the  bottle,  and  its  edge 
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tlieorganiBmB  to  be  evenly  distributed  throughout  the  fluid. 
By  transferring  this  volume  to  tubes  of  sterile  media,  pure 
cultivations  could  in  some  eases  be  ubtnined,  a  shigle 
organism  having  been  sown  in  a  tube. 

It  is  obvious,  however,  that  this  method  ih  at  best  an 
uncertHiu  one,  but  the  plute-t^-ulturti  uielhod  to  h  Inrge 
extent  obviates  this  uncerUiuty.  It  depends  upon  the 
following  principles :  In  gelatin  and  agar  we  have  media 
which,  when  melted,  are  tiuid  above  -10''  C.  aud  solid  at 
lower  temj)eratureH.  By  inoculating  the  fluid  gehitin  or 
agar,  thoroughly  mixing,  and  tlien  pouring  on  to  a  level 
sterilized  surface,  so  that  the  mediimi  solidities  in  a  thin 
film,  the  organisms,  wherever  they  may  bo  situated,  are 
fixed  and  are  unable  to  wander,  and,  being  in  a  good  nutrient 
soil,  grow  and  multiply  and  ultimately  form  a  visible  growth 
or  colony ;  und  each  colony  liaving  arisen  from  a  single 
organism,  the  growth  is  pure,  and  pure  cultures  can  be 
obtained  by  inoculating  tuhnn  of  sterile  media  from  them. 

When  suitable,  sterile  nutrient  gelatin  is  usually  em- 
ployed for  the  prei>aration  uf  plate  cuUivaUous,  as  it  is 
more  easily  manipulated  than  agar.  Three  tubes  of  st43rile 
nutrient  gelatin  are  meitiHl  at  a  low  temperature  in  a 
beaker  of  water  (gelatin  melts  at  24"  C. ;  the  temperature 
should  not  exceed  about  45*  C.)  The  tubes  may  be  termed 
respectively  1,  2,  and  8.  Tube  No.  1  is  inoculated,  by 
means  of  a  plathuim  needle,  with  a  trace  of  the  growth 
from  which  pure  t'ultivations  aro  desired.  The  trace  of 
growth  is  tluiroughly  mixed  up  and  distributed  throughout 
the  melted  gelatin  ;  )tut  if  llii^  mixture  wei'o  poiued  <jn  to 
u  sterile  level  surface  so  many  organisms  might  be  present 
in  the  film  that  the  colonies  which  developed  would  not  be 
separate,  but  would  form  a  uontluent  growth,  To  obviate 
this  ditHculty  a  second  and  a  third  dilution  are  prepared. 
The  second  dilution  is  mad^  by  inocubLtiiig  Ih*!  tube  of 
mellod  gelatiji  No.  2  with  one  phUiiumi  looitful  i\xnn  tube 
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.nd  tborougbly  mixing  up;  and  to  be  quite  sure 

resulting   colonies   will    be   isolated    from   each 

third  dilution  is  prepared  in  the  same  maimer 

lating  the  tube  of  melted  gelatin  No.  3  with  two 

platinum  loopfuk  from  tube  No.  2.     In  each  uase^ 

tmisms   having   been    distributed    throughout    the 

|>y  rolling  and  gentle  shakhi^,  the  wool  plug  is  with- 

om  the  mouth  of  the  tube,  the  mouth  of  the  tube 

ll  in  the  iJuneen  burner  to  prevent  contamination^ 

nr  a  few  seconds,  and  the  melted  gelatin  poured  on 

;1  sterile  ylaBs  eurface.     Formerly  plates  of  glass 

id  ihence  the  narae) ;  but  now  shallow  glass  diBlies 

I,  about  three  or  four  inches  in  diameter,  known 

as  Petri  dishes  (fig.  13),  are 

almost  always  employed-  They 

are  previously  sterilized  in  tbo 

lioUair   sterJHi^er  in   suitable 
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ebloniee  are  an  aid  in  diagnosiB  and  enable  the  various 
bpeoies  to  be  pickeil  out  from  a  mixture.  The  coloniew  in 
gelatin  are  as  n  rale  much  more  diatinctive  than  those  in 
ftf^r.  Whereas  the  plate  cultivation  prepared  from  tube 
No.  1  is  generally  too  crowded^  platen  2  or  H,  or  both,  can 
be  made  use  of,  and  it  is  apparent  that,  to  make  certain  of 
isolatiuj:!;  all  the  orgiiniams  from  a  mixture,  si'venil  min  of 
plates  ahould  be  prepared.  Flat  bottles  (tig,  14)  may  like- 
wise be  used  for  plate  culturing,  and  are  also  very  useful 
for  Rowing  organisms  in  bulk  for  the  examination  of  the 
constituents  and  actions  of  the  bacterial 
cells. 

In  addition  to  the  isolation  of  species 
from  mixtures  and  for  diagnosis,  plate  cul- 
tures are  also  used  to  enumerate  organisms. 
Assuming  that  every  colony  arises  frum 
a  single  organism,  which  is  approxiumtely 
the  case,  the  numlwr  of  colonies  repreaents 
the  immber  of  organisms  originally  intro- 
duced into  the  gelatin^  and  if  a  known 
weight  or  volume  of  the  material  inoculated 
l»e  used,  the  number  of  organisms  in  it  can 
1*6  calculated.  For  example,  in  the  bacterio- 
logical examination  of  water  a  measured 
volume  of  the  water  ia  added  to  melted  gelatin  by  means  of 
a  sterili;!ed  pipette,  and  b\'  counting  the  resulting  colonies 
the  nunil>er  of  organisms  originally  present  in  1  cc.  at  the 
water  can  l>e  estimated. 

Agar  plate  cultures  may  be  prepared  in  a  similar  way. 
The  agar,  however,  juust  be  brought  to  a  tem|ierature  of 
nearly  boiling  before  it  melts ;  it  is  tlien  allowed  to  cool  to 
I'l"  or  W  C.  and  the  tulies  inoculated  in  the  same  manner 
as  for  a  gelatin  plate  cultm'e  described  above.  Unless  the 
manipulations  be  carried  out  exiK^ditiously  the  agar  will 
solidify,  or  the  agar  Jilm  in  the  PcLri  disli  by  lumpy. 


Fut.  14. 
Phtk'Botti»k8. 
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plates  Bhould  usually  be  iuverted  during  incuba- 

tlie  growtli  may  become  confluent  owing  to  the 

ition  water  carrying  the  organisms  till  over  the 

pSate-cnlture  method  can  be  modified  to  Buit  par* 
^ircamHtances :  for  example,  the  melted  gelatin  or 
linocnlated,  may  be  poured   into   the  dishes  and 
to  siiHdifv,  and  the  film  then  inoculated  by  streaking 
iii*^  with  the  material,  or  by  pouring  a  few  drops  of       *«■ 
utiiining  the  organisms  upon  it.     This  is  practically 
way  in  which  blood  serum  can  be  used,  the  sterile 
rum  being  placed  in  the  Petri  dish,  solidified  in  the 
kn  in  the  same  manner  as  lor  bloud-serum  tubes, 
co!igulat-ed  film  inoculated, 

imiiiy  purposen  plates  are  unnecBSBurj,  the  same 
■in^  obtained  by  rubbing  over  the  surface  of  two  or 
bew  of  sloping  agar  or  gelatin  auoeesfiively  the  (tftce 
needle^  straight  or  ioaped.     In  the  second  or  third 
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eolonieb   iLeu   develop   in   the  film   of   jj[elutiij,    which    is 
quite  anuloguuB  to  a  film  in  u  Petri  dish. 

Anaerubic  Plate  Cultivations  are  sometimes  reijuired. 
Tlie  plute  calturcB  after  prepnration  tis  described  nbove  van 
be  placed  in  the  receiver  of  an  air-pump  which  ia  exhuuhted, 
and  the  colonies  develop  in  vacuo,  or  the  Him  in  the  Polri 
dish  may  be  covered  with  a  piece  of  Hterili/ed  uiica  well 
pressed  down,  or  with  a  layer  of  sterilised  oil,  or  pure 
lii|iud  paralhu.  In  Hotkin's  method  a  l)ell-jar  shindiug  in 
a  glast;  dish  is  made  use  vf.  The  Petri  dishes  ate  placed 
on  a  supiKirt  within  the  btdl-jar,  and  merciuy  or  oil  is 
poure<l  into  the  glass  dish.  Hy  means  of  a  piece  of  bent 
^lass  tubing  a  stream  of  hydrogen  is  passed  into  iho.  bell- 
jar  under  its  rim  so  as  to  displace  the  air,  which  bubbles 
out  thrtjugh  the  oil  or  mercury.  When  the  ak  has  been 
entirely  displaced  the  glass  tube  is  removed,  the  bull-jar 
weighted,  and  the  whole  placed  in  tiie  incubator.  Jiulloch's 
appamtuH  is  somewhat  similar  to  this.  \Vide-mout!ied  jars 
witli  well-ground  glass  lids,  which  arc  luted  down,  are  very 
convenient,  the  oxygen  being  absorbed  with  alkaline  pyro 
gallol  placed  at  the  bottom,  and  the  I'etri  dishes  stacked 
on  a  glass  capsule  or  other  sup^tort  to  raise  them  above 
the  fluid. 

Double  glass  capsules  may  also  be  used.  The  plate 
culture  is  made  in  the  smaHer  csipsule,  which  is  then 
uiverted  over  the  larger  one,  in  which  a  little  alkaline 
pyrogallol  is  placed,  some  oil  being  run  over  the  surface 
of  the  jjyrogallol  on  the  vutsidcy  so  that  absijrption  from 
the  external  ah-  is  prevented. 

The  Esmarch  roll  cultures  can  be  adapted  fnr  anaerobic 
plate  cultures.  The  wool  plug  is  replaced  by  a  rubber  cork 
with  two  holes  in  it,  through  which  inlet  and  outlet  j^laes 
tul>e8  pass,  as  in  Fninkel's  anaerobic  tubes  (fig.  11).  The 
roll  culUu-e  having  been  pi*epiired,  ami  the  Itlm  set,  hydrogen 
is  passed    in  and   the  tubes  scaled   oil,  ur,  better  still,  llie 
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m  is  allowed  to  bubble  tbroagh  the  inoculated  melted 
the  teHt-tube  meanwhile  being  kept  iii  a.  little  warni 
prevent  the  gelatin  from  solidifying,  the  tubes 
»ff,  and  the  roll  culture  then  prepjired. 
the  detection  of  fermentation  and  gas  production^ 
Itureb  iu  glucose  agar  or  shake  cultures  in  gelatin 
may  be  employed*  For  the  latter  a  tube 
of  gelatin '  is  melted  at  a  low  temperature, 
inoculated  with  the  organism^  and  allowed 
to  solidify  in  the  upright  position ;  the 
organism  is  thereby  distributed  throughout 
the  medium,  Fermentation  with  gas  pro- 
duction is  indicated  by  the  presence  of 
gas  bubbles^  or  even  by  the  disruption 
of  the  medium.  Durham's  fermentation 
tubeH  are  very  convenient  for  showing 
fermentation.  These  are  test-tul^es  con* 
tiiiiiiug  suitable  fluid  media  <10  c.c.  eiieh) 
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are  i^eptoue  broth,  the  aciM  l>eef-brulli  for  whicli  has  been 
treated  with  the  colon  bftcillua  (see  p.  25),  1-2  i>er  cent. 
j)eptoiie  wuter,  or  h  medium  wliit-b  has  been  lurgely  used 
by   Houston,  Gordon,   and  others,  consihtinj^^   of  diwtilled 
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Mater  LMJutaiiiing  '  Leinco  1  i>er  cent.,  peptone  1  per  cent., 
sodium  bicarbonate  0*1  per  cent. ;  to  »iither  luediuni  is 
added  1-2  \ier  tent,  of  glucone,  lactose,  ajvccharose,  starch, 
inulin,  mannitol,  dulcitol,  \-e.,  and  the  mixture  is  tinged 
with  litmus. 
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CHAPTER   III, 

tEPAJUTION    OF    TlriSUKi^    AKD    OIIGANIBMH    FOB   STAININO 
r)    MOCNrlNO,        J^TATNrKti    AND    STAlNIKLl    HETKOIiS. 

uerous  methods  for  preparing  and  staining  tissuesj 
I,  ^U-.,  have  been  published,  but  only  a  nelecled  few 
e   generally  useful  will    be  given   here.      Special 
a   occaaionally  employed   will   be   described   when 

;L 

PUEPABATION    Oi-^    TiBBUKS. 

.he  demunBtration  of  the  baoteria  in  the  tiaaues  is  i>f 
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(/))  Place  in  methjlated  spirit  1  part/water  2  parts,  for 
twent3'-four  to  forty-eight  hiiurg,  transfer  to  methylated 
spirit  and  water,  equal  parts,  then  to  inothyhited  spirit, 
and  finally  to  absolute  alcohol  for  like  pfiriodR. 

(r)  Plac^e  in  rectiiied  spirit  (Hfi  [w.r  ront.  alnvlml)  con- 
taining 1  per  cent,  of  corrosive  sublimate  for  twelve  to 
forty-ei^ht  hours,  and  pass  thr^u^h  increasing  stren^tlis 
of  alcohol  as  in  (/v). 

(«f)  Place  for  six  to  twelve  hours  in  a  saturated  a4pieoufi 
solntion  of  corrosive  sublimate.  This  is  prepared  by  satu- 
rating l)oiling  dislLlled  water  with  the  (Hjrrosive  sublimate, 
cooling,  and  filtering-  Keep  in  the  dark.  Wlien  removed 
from  the  corrosive  sublimate  solution  the  tisanes  must  be 
washed  in  a  stre*ini  of  running  water  for  an  hiau*,  ar,  better, 
placed  for  a  day  in  70  per  cent,  alcohol  deeply  coloured 
with  iodine,  to  remove  the  excess  of  corrosive  sublimate  and 
prevent  precipitation.  The  tisaues  are  then  passed  through 
increaeing  strengths  of  alcohol,  as  in  (b), 

(e)  Formalin,  a  10  per  cent,  aqueous  solution  of  formic 
aldehyde,  is  an  excellent  fixing  agent.  A  solution  of  1  part 
of  formalin  and  9  parts  of  water,  or  better  physiological 
salt  solution,  may  be  used,  the  pieces  of  tissue  remaining 
in  this  for  twelve  to  twenty-four  hours.  They  are  thsn 
washed  in  running  water  for  an  hour  or  two  and  passed 
through  increasing  sti-engths  of  alcohol,  as  in  (/;). 

All  tissues  after  iixing  and  hardening  should  be  pre- 
served in  dilute  methylated  spirit  — water  1  part,  methylated 
spirit  2  parts. 

The  methods  (c),  (rf),  and  (c)  are  to  he  recommended, 
efipecially  the  last  two,  as  the  tissue  elements  are  well  tixed 


be  obiaine«l  ini|iiiintities  of  live  bulk  gallons,  *  for  scientific  puiiioBes  only,'  by 
ftpwial  order  from  the  Inland  Il«veiuie  Authorities,  Somerset  House,  W.C. 
If  it  cauDOt  bo  procured,  absolute  alcoh4>l  must  bo  employed.  Duty-free 
iibfiolute  Alcohol  can  aUo  be  obtHtned  under  flomewliat  similtir  Qonditions 
ftod  18  mutifa  eheBper  thnn  th»'  ordinary. 
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In  all  caeeB  the  fimig  rtuid  should  he  used  in 
■i^hle  excess.      Fixing  fluidB  cont,jtinIiig   jiotassium 
ale  (as  in  Miiller^s  tluid)  and  cbromie  ^cid  neem  to 
the  hiw^teria  from  ataining  with  any  certainty,  and 
m  avoided. 

Bkction  Cur['iNii. 

irder  satisfactorily  to  demonstrate  hatteiia  in  tissuea, 
nr  relation   to   the   tissue   elements,  it   is  usually 
y  to  prepare  sections.     For  this  purpose  either  the 
or  the  paraffin  method  should  be  employed* 
'I'fee.zmg  MfthtHl^The  tissue^  in  suital>le  pieces, 
st  he  soaked  in  water  to  remove  the  alcohoL     A 
^nt  way  of  doing  this  is  to  place  the  material  in  a 
iithed  bottle,  into  the  mouth  of  which  an  ordinary 
nnel  ia  introduced^  and  the  bottle  with  the  fmmel 
(I  under  a  stream  of  running  water.     The  water 
thniufi^h   the  funnel  iills  the  bottle  and   overflows 
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Add  a  piece  of  thymol  or  a  little  carbolic  acid  in  prevent  de- 
composition. Hamilton  saturates  the  solution  with  boric  acid* 
which  does  very  well. 

In  lluK  t^iitn  solution  llic  piiH-fH  romuin  (or  twelve  to 
foriy-fiiKiitliom*H,  ncconiiiig  to  ihf.'w  size  and  the  timent  the 
disposal  of  the  investigator,  and  are  then  cut  on  one  of  the 
numerous  ether -freezing  microtomes  now  to  l>e  obtained 


Km.  17.— HwirrV  ErjiKri-MiKKZiNi*  Miinr>To»r.. 

such  ft8  Swift's  (fip;.  17)  or  Cuthtuirt's.  A  mit-rotoine  in 
which  the  freezing  is  brought  about  by  liquid  carbonic  acid 
is  now  being  largely  employed  and  acts  well.  The  carbonic 
acid,  contained  in  a  cylinder^  Hprays  on  to  the  under  Hiirfaee 
of  the  plate  on  which  the  fjiot-k  of  tissue  reHt» ;  the  tibHue 
quickly  freezes  and  is  then  cut.  ThiK  form  of  microtome 
works  well  in  the  hottest  weather.  The  material  muBt  not 
be  frozen  so  hard  that  the  sections  roll  up   and  fall  off 
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ilio  knife  ;  tlio  sugar  in  the  above  solution  BhouUl  prevent 
thia.  The  sections  are  transferred  successively  to  two  or 
three  lots  of  distilled  water,  prefenihly  slipihtly  warmed, 
to  remove  the  gum,  and  can  then  be  stained,  or  preserved 
in  e*]nal  parts  of  methylated  spirit  and  water  until  wanted. 

JJtK'tiM  ia  seem  to  retain  thnir  stainini^  properlies  better 
in  the  tisbue  in  liulk  than  when  il  has  i>een  cut  u])  into 
sections.  Althoufjli  the  bacteria  may  stain  well  in  sections 
for  some  titne  after  preparation,  it  frequently  happens  that 
in  a  month  or  two  they  refuHe  to  stain.  Such  is  certainly 
tlie  case  with  anthrax  tiasues,  but  not  with  tubercle  or 
leprosy,  the  bacilli  in  sections  of  the  latter  seeming?  to  retain 
their  staining  properties  unatfected  for  an  unlimited  time. 

(b)  Paraffin  MethoiL  Nothing  can  surpass  the  paraffin 
method  for  the  thinness  and  beauty  of  the  sections  obtain- 
able by  it,  and  for  some  friable  tissues,  such  as  aetinomycoBiB, 
it  is  almost  essentiaL  The  tissue,  in  suitable  pieces  for 
cutting,  is  transferred  from  the  methylated  spirit  preserva- 
tive solution  to  pure  methylated  spirit  for  two  or  three  hours, 
and  then  to  absolute  alcohol— which  may  have  to  be  changed 
once  unleBB  a  fairly  large  volume  is  employed— for  from 
four  to  twenty-four  hours*  It  is  then  taken  out»  lightly 
compressed  between  the  folds  of  a  dnj  cloth  or  piece  of 
blottinf('paj)er  to  remove  the  superfluous  alcohol,  and  pbvced 
in  an  excesa  of  xylol.  In  this  it  remains  for  from  four  to 
twenty-four  hours  until  cleared.  Tliis  is  reeogni^ed  by  the 
material  assuming  a  more  or  lees  serai-transparent  con- 
dition, and  the  process  may  he  much  accelerated  by  warming 
the  xylol  to  from  Ji7'^  to  rjO""  C.  in  the  blood-heat  incubator 
or  paraffin  oven,  the  bottle  containing  the  xylol  being  well 
stoppered.  When  cleared  it  is  ready  to  ^o  into  the  bath  of 
melted  paraffin.  A  paraffin  of  a  fairly  high  melting-i>oint 
is  perhaps  the  liest,  viz.  45"  to  55°  C,  and  is  placed  in  glass 
iiapsules  in  an  oven  which  can  be  kept  uniformly  heated  to 
the  r6<juired  temperature,    An  ordinary  chemical  hot-water 
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oveiiTToee  ftilmiruMy  frn*  this  |U)rjHist\  iuul  is  lieal<Hl  liy  il 
Hi>6<>ml  form  oi  small  Hini.soii  liuniin'  with  iiiira  chimney, 
the  temperature  Ijeing  regulated  ]>y  some  form  of  mert^iiriul 
regulator  whicb  is  set  a  degrer  ar  two  al)ove  the  uif-Uin^'- 
point  of  the  paratUii  employed.  The  tiBBue  is  Lakeii  out  ol 
the  xylol.  Motted  to  remove  the  excesB.  and  placed  in  the 
melted  parafhn  for  nix  to  twenty  Innirw.  Tt  in  then  (imbedded 
hyijouringa  little  of  the  melted  paraffin  into  a  watch-glass, 
or  into  a  small  box  formed  of  folded  paper  or  lead-foil,  or 
by  bringing  together  two  L-><hrtj>e<l  pieros  of  brasR  on  a  ulixsn 
plate  HO  that  a  rectangular  cavily  is  produfed.  The  piocos 
of  tiBsne  are  then  taken  out  with  a  Hmall  warme<l  forceps  or 
netMlle,  mljuHted  to  {]w  jiosition  they  are  retjuired  to  occupy, 
and  more  melted  juiralhn  [loiirtxl  in,  so  aH  In  cover  them. 
^Mien  a  film  of  solid  puniflin  ban  fitrmed,  the  whole  arrange- 
ment 18  carefully  placed  hi  robi  water  ho  as  to  cool  it 
rapidly. 

A  new  paraffin  ih  frequently  crystalline  in  structure,  and 
jBCIb  much  better  after  it  ims  ]>een  kept  melted  fnr  some 
lireekH,  or  is  much  improved  by  healing  nearly  to  its  boiling- 
jioint  for  five  or  wix  dayn  (P.  T.  Beale).  The  xylol  for 
deariBg  may  be  use*!  several  times  and  the  parafthi 
rejieatedly.  the  remaiuH  of  old  liaHiiea  k'ing  removed. 
The  time  which  the  tisMues  require  to  remain  in  the 
alcohol,  xylol,  and  parafHn  depends  upon  their  size  ;  ^'ery 
smufl  pieces  may  be  treated  in  a  few  liours,  large  ones  may 
re(]uire  two  or  three  days. 

Otlier  clearing  agents,  such  us  chlortfforni,  turpentine, 
and  cedar  oil,  may  he  used  instead  of  xylol.  The  pamftin 
method  is  usnally  straightforward,  hut  amfiU  piecew  of  tissue 
muBt  not  be  left  too  long  either  in  absohite  alcohol  or  in  the 
parafHn  bath,  for  they  are  apt  to  become  too  hard  to  cut. 
Thyroid  tissue  and  skin  are  also  rather  troublesome  ;  they 
become  very  hard  unless  the  whole  procesB  is  carried  out 
-AB  rapidlvas  possible.     If  the  pieces  of  tisfaie  he  large,  the 
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capsule  of  UK^lted  panxfiin  contKining  the  tissue  may 
placed  under  tho  receiver  of  nn  uir-pump,  which  is  then 
exhausted.  This  oausefi  th*i  jmraflin  to  jienetrate  better, 
and  the  proeeHs  may  l>e  repeated  Iwo  or  tliree  times 
during  the  period  of  inllltration.  A  &i)et:ial  form  of  paraflin 
oven  has  been  devised  by  Cheatle  f(vr  infiUratinj»  under 
diminished  pressure,  and  in  made  by  Hearson,  of  Regent 
Street. 

In  order  to  prepare  sections  from  material  embe<lded 
in  paraffin  some  form  of  microtome  must  be  employed. 
An  ethnr-freezinj;  microtome  ran  Iw  employed  with  some 


Fio.  18. — CAMBRitKiR  RncRixn  MicnoTOMR. 

manipulation,  the  paralfni  bl<n'k  boin^  [ilaced  in  a  lilUe 
melted  parat^n  on  the  free^iinf^r  plate  so  that  it  is  cemented 
tlieri>^  and  sections  cut  with  tiio  razor  or  piano  iron,  as 
though  it  itad  been  frozen  (it  in  nut  to  Ife  froxen).  It  is 
better,  however,  to  use  some  Bpecial  form  (\i  mi<Totome,  the 
Cambridge  *  Rocker  '  (li^.  18).  or  a  mf»di(ication  of  it»  or 
the  Minot,  being  perhaps  the  besL.  The  block  of  iiaranin 
conUiining  the  tisaue  is  triunued  with  a  knife  to  remove 
the  excess,  and  is  cemented  to  the  carrier  of  the  microtome 
with  a  little  melted  paraffin,  or  by  melting  the  paraffin  oi) 
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t(  witli  a  !iot  irnii  (eiul  of  n  (ile.  Sec.)  or  a  nmtHi.  Tiio 
union  may  I>e  matU?  mm-f  seeiup  hy  nif^Itinpj  tho  jmraftin 
aronnd  Hip  base  of  tho.  IJnrk  with  a  Itnt  iri>n. 

HrtvinK  fixed  the  parafiin  Mork  tti  tlie  carrifM',  soclioiis 
lUAy  then  l>e  cuil  of  nny  <ief,'ree  (jf  thinnoss.  In  onler  to  do 
tfaJK  it  is  BHsentitil  for  the  knife  or  razor  to  have  u  Leon  Oil^e 
and  one  of  the  rij^ht  nature,  for  a  knife  may  ^^t;  perfe<*tly 
sharp  and  yet  the  aeeticms  as  they  are  nit  roll  up  in  such 
a  manner  that  it  is  difticalt  to  flatten  them.  Tliongh  thiB 
may  l>e  dne  to  n  wronj^  consistence  of  the  parntliii,  owiiij^ 
to  fold  weather  or  some  otiier  factor^  in  tin*  majority  of 
iuAtancef^  it  is  the  edge  of  the  knife  which  in  at  fault. 
Provided  tho  knife  he  nhiirp.  Kirn]>pin<;  on  tho  pnhn  af  Iht^ 
liand  will  usually  romedy  thiw  dithi-nlty.  The  paniMui 
bein^  of  the  right  ronsisLonpo,  iim\  the  knife  in  good  oriler, 
ih**  section?*  as  they  are  cut  hIiouM  Ik*  ilat  and  should 
adhert*  lo^^ether  at  adjacent  marf^ius  sn  thai  n  rililmn  of 
greater  or  fihorter  length  is  fornipil. 

Satisfactory  sort  ions  having  lieen  ohtained,  ihey  ai*e 
tninsferrt'd  with  a  necdiR  or  eanii'Ts-hair  hnish  to  a  tin  ]>jin 
contiiiniiig  a  little  water,  or  spirit  and  water,  warmed  to 
ahoiit  40'  ('.  Tlie  set'tioriH  lioat  and  the  parathn  Mn/fpus^ 
HO  that  they  spread  out  perfertly  Wnl  (the  water  Tnimt  not 
lie  hrit  enough  to  melt  the  juratHn).  A  clean  slide  is  llien 
introdneed  un<lerneath  thn  Kec^titui,  raised  so  that  the 
nection  is  lifted  up  on  it,  and  hy  lixing  the  secti^in  wtlh 
n  net»dle  and  tilting  the  slide,  the  sfftinn  is  deposited  in 
the  refjuired  position  on  the  slide  and  allowed  to  dry. 
If  preferred,  the  seftitm  may  l»e  transferred  In  a  slide 
flooded  with  water,  which  is  wanned  over  the  Bunsen.  The 
stidoH  can  be  manipulated  in  an  hour  or  two  if  dried  at 
87"^  C,  hut  it  is  l>est  to  allow  thorn  to  dry  in  tlie  ineubattn- 
all  night.  It  will  l>e  found  after  this  treatment  that  the 
sections  adhere  sutticiently  firmly  to  the  slides  for  all  the 
ordinary  methods  of  staining  to  be  carried  out  without 
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ii^in^   Uieiii,  which   would   he   fatal.     The  sections 
fairly  thin,  however ;   if   they  are  at  all  thick 

not  adhere  nearly  so  well, 
|ul(l  th.e  BftctionB  have  to  be  subjected  to  prolonged 
|nt  (luring  Rtainiiig  A-c,  they  raay  he  cemented  to  the 
y  the  follnwing  method.  Kiiuiil  parts  of  egg-whit^ 
cerin  are  mixed  and  filtered,  and  te  every  100  (^<•.  of 
ture  1  fjram  of  sodium  salicylate  is  added.  The  slide 
[ired  thinly  with  this,  covered  with  water,  ami  the 

laid  in  popitioiu     It  is  gently   warmed  until   the 

doatf*  fiiit  flat  ;  the  water  ik  then  drained  off,  and 
le  dried,  after  which  it  may  he  placed  in  a  mixture 
liol  and  etlier  for  an  hour. 

htosiuf4  ihat  while  rutting,  the  sectionw,  in  Kpite  of 
jautionB,  curl  up  instead  of  lying  flat,  it  is  Rtill  often 
lo   obtain   a   few   that  can  he   mounted.      They 

■netinieR  he  unrnlled  by  cautiouft  manipnlation  with 
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It  in  neceBsary  in  the  first  place  tu  have  cleuu  cover- 
glaBseH  uf  the  right  kind ;  they  must  be  thiii,  otherwrne 
Ihe  higher  |>owera  cuunot  be  emplo3'e<l  to  exuiuine  the  pre- 
pHrMtioiih,  and  thoKf  deHcribed  as  '  Nu.  I  '  should  be  pur- 
chased, '  j-inch  squares'  being  a  convenient  size.  These 
serve  both  for  cover-^laBS  specimens  mid  for  covering 
sections ;  it  is  well  also  to  have  a  few  of  the  same  thick- 
ness but  larger,  viz.  ^-inch  or  1-inch  squares,  for  large 
sections.  In  order  to  clean  theui  they  should  )m  gently 
l>oiled  in  a  (Ktrcelain  dish  with  10  per  cent,  carbonate  of 
soda  solution  for  a  few  luinutoH,  well  washed,  and  then 
trealetl  with  strong  sulphuric  acid,  warmed  carefully  in  a 
jK>rcelain  dish,  for  a  few  miuuteb,  Tliu  acid  having  been 
jNmred  off,  they  are  well  rinsed  in  several  changes  uf  water 
and  should  be  kept  in  a  st<3ppered  glass  capsule  in  absolute 
alcohol.  Slidus  may  lie  usod  instead  of  covur-ghisscs,  and 
bhould  l>e  cleaned  and  manipulated  in  the  same  manner  as 
deticrilwd  for  cover-glasses. 

A  clean  cover-glass  (or  slide)  is  taken,  dried  with 
H  clean  soft  Imen  or  silk  rag  or  handkeruhief,  or  with 
'lajtanese  j>aper,  or  it  may  Lo  momentarily  introduced  into 
the  Bunsen  Hame  and  the  spirit  burnt  ulf,  and  placed 
rtat  on  a  convenient  support  on  the  work-iahio— a  white 
glared  tile  is  excellent — with  the  corner  projecting  so  that 
it  cun  be  conveniently  picked  up  with  the  forceps.'  A 
dro}det  u.e.  amall  drop)  of  water  is  then  phicod  on  it,  in 
the  middle,  by  means  of  a  looped  plathium  needle,  or 
with  a  small  glass  pipette  (fig.  (i).  Thyt^retically,  stcrihzed 
physiological  salt  solution*  should  bu  used,  a  lyw  cubic 
C4»ntimetres  being  boileti   in  a  slorilizcMl  and  plugged  test- 

*  The  writer  Ua»  dcviised  u  ubofuJ  support,  for  staining.  U  i-oumuU  uf  a, 
^luoxe  of  plaU'  glius,  painted  half  white  and  hull  bluck  iit  tin.'  buck,  and 
hAYiag  a  narrow  stiip  of  thick  glattb  cemented  acrusa  it  on  which  the  covcrH 
real.     It  ib  mode  hy  M^ksfh.  Raird  A-  Tiitlo(  k. 

«  llij-if85  per  cviil.  of  bodiuui  chlundt  diwulvvU  iu  dlaliUud  wuUr. 
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two  or  three  minutes  and  cooled  ;  but  ordinaiv 
n-    limy    uetiullv   lie   emplovetl.      A   thin    film    of 
liK  hm  now  to  be  formed  on  the  cover-glaes,  aiul 
iwitii^  is  the  melbod  of  procedure  with  a  culture  on 
Evilium  buch  aB  agar  or  gelatin.     The  culture  tube 
inum  needle  are  held  and  maniimltited  in  preeisoly 
e  manner  as  that  described  for  the  inoculation  of 
.  01),  a  trace  of  the  growth  being  removed  from  the 
^  the  wool'phig  immediately  replaced, 
ere  trace  of  the  growtli  from  a  cultme  flhouid   bu 
isl  auHicient  to  f^oil  the  tip  of  the  platinum  needle, 
reparation  will  be  too  crowded,  iiad  thia  ib  rubbed 
with  the  droplet  of  water  on  the  cover-glass,  so  ua 
an  emulsion,  which  is  then  spread  over  the  surface, 
leral  rule  the  material  should  be  well  rubbed  u]}, 
juie  iDBtanees  this  is  inadvisuble,  as  a  particuhir 
>n  or   characleristif    grouping  might  be  disturbed 

h^vImd^jUBe^Lfte^yjlkjhWi^^ 
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bottom  having  been  shaken  up  if  necessaiy,  and  a  k>opfuI 
or  two  of  the  Huid  removed  with  a  looped  jjUUhnuu  needle, 
transferred  to  the  cover-glass,  spread  out,  dried,  and  fixed 
as  before,  hut  as  the  medium  is  fluid  there  ia  usually  no 
need  to  add  n  droplet  of  water. 

If  a  specimen  of  blood,  pus,  or  sputum  ih  required,  the 
procedure  in  much  the  same.  A  Httle  of  the  material  is 
Uikeu  up  with  a  looped  platinum  needle  and  spread  in  a 
thin  film  over  the  cover-glass  or  slide,  whicdi  is  then  dried 
and  fixed.  If  necessary,  a  droplet  of  water  or  physio- 
logical salt  solution  may  be  used  to  dilute  the  material 
80  as  to  obtain  a  thinner  film.  If  a  specimen  is  to  be 
made  from  an  orpm,  a  particle  of  the  pulp  is  picked  up 
and  an  emulsion  made  as  before,  or  a  small  piece  of  the 
organ  may  be  held  in  sterile  forceps  and  the  cut  surface 
j;ently  smeared  over  the  cover-glass  or  slide,  which  is  then 
dried  ivnd  fixed  ;  these  are  termed  '  smear  preparations.* 

To  obtain  the  best  results  it  is  preferable  before  staining 
lo  submit  films  of  blood  '  or  pus  or  smear  preparations  to 
the  action  of  some  cheniifal  fixiug  agent,  unless  thu  lihn 
is  aUiined  with  Leishman's  solution,  which  both  tixes  and 
tthiins.  The  .simplest  melhod  of  doin^  this  is  to  immerse 
the  films,  after  (nv-drying,  in  a  mixture  of  equal  jKirts 
absolute  alcohol  and  ether  for  five  to  fifteen  minutes.  In 
hot  countries  u  saturated  aqueous  solution  of  corrosive 
sublimate  {^vts  to  fifteen  minutes)  is  i>erhapH  as  good  as 
anything.  Another  method,  combining  both  fixing  and 
staining,  is  to  immerse  the  films  us  soon  us  they  are  pre- 
pared and  without  dryuig  in  the  following  auluiion  : 

Absolute  alcohol  saturated  with  e<.»Hiti      .  *26  c.c. 

Pure  ether 25  c.c. 

Alcoholic  solution  of  corrosive  sublimate 

(2  grams  in  10  c.c.)    ....       5  drops 

*  Fur  tliv  nictlnH)  uf  iircyuriti^  blouti  iilmb  Boe  the  ticcliuu  uii  Maliiria. 


MANUAL  tip  lUOTERlOLOGY 

[our  cover-glaHBes  5  to  10  e,c.  of  this  sotution  are 
,  and  they  abould  remain  in  it  three  to  four  minutefci 
je  iirolonged  for  hourH  without  harm)  ;  thej  are  then 

with  a  forceps  and  well  rlnsad  in  water,  stained  for 
i  than  a  minute  in  a  saturated  aqueous  solution 
■^iene  blue,  washed  quickly,  dehydrated  in  absolute 
cleared  in  xylol,  and  mounted  in  xylol  baUam.    The 
may  be  used  for  fixing  blood,  pus,  nputum,  tVe.,  if 
a  be  omitted,  and  the  preparatione  may  then  be 
^r  utberwiae  treated  in  any  desired  manner.^ 

'  recommends  the  following  as  giving  the  most 
esulta  : 

lold  the   freshly  prepared   and    still  wet  film   in 

th  of  a  wide-mouthed  bottie  half  tilled  with  the 

fr>rmaliii  Hohition,  film  side  downwards,  for  tive 

>rop,  irhlk  atiU  wet^  lilin  downwardtj  into  absolute 
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from  the  tahe.  This  eau  bu  done  bv  dipping  the  lube  for 
a  few  secondn  into  hot  water  ;  the  gehktui  rouiul  tlie  wall» 
of  the  tube  will  be  uieltud,  and  the  gelatin  niauK  can  then 
l»e  tilted  out  of  the  tube  on  to  a  ghiss  plate  or  tile. 


Stains  ani>  Staining  Methods. 

Micro-orgauiBms  being  so  minute  aud  transparent,  it  is 
usual  to  stain  or  dye  them,  ho  thai  they  can  be  more  readily 
examined.  In  some  instunceH  organisms  may  have  a 
l>ecaliar  staining  reaction,  wliich  may  serve  as  an  aid  to 
their  identification.  But  wlieu  an  organism  is  being  in- 
vestigated, examination  in  the  fresh  and  living  f.ondition 
must  never  be  omitted,  for  it  in  only  thus  that  its  motility 
and  life-history  ran  be  studied.  Only  general  methods 
are  detailed  liere;  s[>eeial  ouBh  will  be  given  when  they  are 
re(|uired. 

1.  LotHer's  Alkaline  Methylene  Blue. 

CoDcentrated  aloubolic  solution  uf  inethylunt'  Uluu  .       HO  u.c. 
Solution  of  caustic  potash,  001  per  ci^nt.         .         .     100  u.c. 

A  very  useful  sUunin;,'  solutian.  Cultures  should  l«;  (jiiJtu 
fresh,  or  the  organisms  do  not  stain  well.  When  tho  or^^^ni.smH 
are  mixed  with  extraneous  miiterial,  us  in  smears,  or  there- 
is  uiuch  debris,  this  is  one  af  ihv  \wst  staining  sohitions  to 
employ.  Methylene  blue  pi-epanitions  tire,  however,  not  very 
penuaneut,  and  in  hot  ci>uutrii!S  nipitlly  fade.  Thionine  blu(3  is 
(hen  preferable. 

Cover-glass  Bpeciinen^  are  atained  for  three  lu  ten  minutes, 
and  sections  lialf  to  tweuty-fuur  bourti. 

•2.  Carbol -Methylene  lilue  (Kiibne). 

Methylene  blue I'o  gram 

Absolute  alcohol 10  c.c. 

Five  per  cent,  aqueouti  solution  of  carbolic  acid  100  o.c. 

A  more  intense  staining  solution  than  the  fornH'i*,  and  very 
useful  for  sections,  which  are  staiueil  for  from  half  to  six  hours. 
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Film  specimens,  after  fixing,  are  placed  in  absolute  alcohol 
for  half  a  minute,  dried,  and  placed,  film  downwards,  in  a  watch- 
^'lass  of  the  stain,  which  is  then  warmed  until  it  steams.  The 
specimen  is  then  taken  out  and  well  washed  in  tap-water,  rinsed 
in  distilled  water,  dried,  and  mounted. 

Sections  are  immersed  in  absolute  alcohol  fur  several  minutes, 
stained  in  the  cold  for  six  to  twelve  hours,  well  washed  in  dis- 
tilled water,  and  passed  through  absolute  alcohol  and  xylol,  and 
mounted. 

7.  Eosin  (alcohol -Boluble  and  water-soluble). 

A  somewhat  diifuse  stain.  Is  used  for  counter-staining  the 
tissues  in  Gram's  method,  and  for  staining  blood-corpuscles  and 
leucocytes. 

A  {f  to  1  per  cent,  aqueous  or  alcoholic  solution  should  be 
used,  and  the  staining  should  not,  as  a  rule,  be  prolonged  for 
more  than  about  half  a  minute. 

8.  Bismarck  Brown. 

A  saturated  aqueous  solution  should  be  prepared  and  dilutetl 
somewhat  for  use.  A  good  counter-stain  for  the  tissues  in 
(Jram*8  method.     Stain  for  two  to  five  minutes. 

9.  Orange-rubin. 

Preijarc  satumted  aqueous  solutions  of  Orange  G.  and 
Kubin  S.  Mix  cijual  volumes  and  dilute  with  water  until  of  a 
light  port-wine  colour.  Stain  tissues  for  five  to  fifteen  minutes. 
A  good  contrast  stain  for  tuberculosis  and  actinomycosis. 

10.  ricro-carmine. 

This  is  best  bought  ready  preparcMl.  Sccti(jus  mv  stainoil  in 
the  tiolution  for  half  to  one  hour,  washed,  then  placed  in  a  watch- 
glass  of  spirit,  to  which  three  or  four  drops  of  hydrochloric  acid 
have  been  added,  for  two  or  thri'O  minutes,  then  well  washo'I  in 
water.  The  section  can  now  bo  counter-stained  with  Lottler's 
blue  or  by  Gram's  method. 
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h'^  forjuuk  is  oqb  of  tbo  best  and  simplest  to  use,  and 
biiiiued   ready  for   use.     It   mui*t  be   'ripe/     It   is   a 
\\  and  not  a  bacterial  staiu.     Sections  are  treated   i),^ 

etiUed  water,  one  to  two  minutes. 

aiu  witb  ibe  hfematoxyliD  ^ohition  for  five  to   thirty 

lu  some  cases  the  solution  in  preferably  diluted  some- 

disLilled  water. 
as8  in  diatiUed  water, 

nse  in  distilled  water  containing  a  irat:r  of  acetic  acid, 
eat  witb  distilled  water  containing  a  lrf.wG  ot  ammonia, 
ms  remain  in  this  until  tbey  assume  a  deep  bine  colour. 
:r,  Hve  to  ten  minutes,  umy  also  be  used.) 
tey  can  then  be  debydmfcetl,  cleared  and  mounted,  ot 
ained   with   tiosin,   orange-rubin,  or  Van-Gieaon,  and 

toiyliu  makes  a  yood  contrast  stain  for  the  tubei^lg 
pro?*y  b(w;illua  and  for  AciinomfjCL-s, 

(lUAM'S   MF/nini 
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14.  Gieuisrt  Stain. 

An  coain-azur  raixturo  dissolved  in  ^lyceiin  ami  nietliyl 
nlcohol.  Useful  (or  hlond-iilms,  film  preparations,  »tc.,  ami  has 
been  much  used  to  denionstratp  iho  spirochaeU^M  in  syphilitic 
material.     (For  methnd  of  usin/r,  sf-e  '  Syphilid.') 

ir>.  Beale'ft  Canuine. 

Carmine  (best)  .        .        .        .10    grains 
Liq.  AiumoD.  Fcrt.   .         .         .         -^  drachm 
Pare  glycorin    ....       2    ounces 

Alcohol i^  ounce 

Distilled  water  ....       2    ouno4>n 

Used  for  staining  fresh  tissnea  and  proto/oa. 

Siifranin  and  acid  Inchntn  aro  also  used  m  counter-stain». 
^falachite  green,  neutral  red,  and  rosein  iitay  Uo  used  for  intra- 
vit'im  staining  of  protozoa  Ac. 

Eoain,  orange-rubin,  bivmatoxylin,  picro-earniiuft,  and  Boale*H 
carmine  keep  well  in  solution  ;  the  remainder  may  or  may  not, 
and  are  best  used  fairly  frosh.  All  stains  should  be  liltered 
before  use,  and  may  bfi  cniivcniently  kopt  in  bottles  having  a 
funnel  Httwl  with  a  fiUfT-jHjpiu'  so  that  tbey  arc  always  ready. 
Or  smaller  Iwttles  may  be  used^  fitted  with  pi|MifctpH,  and  fwiveral 
arranged  in  a  stand. 

The  l>est  stains  are  Griibler's,  which  can  be  obtained  from 
many  agents  in  this  country.  Messrs.  Bucroughs^Wellcomo  it  Co. 
supply  mast  of  the  anilin  dyes  and  some  other  reagents,  iodine, 
Ac,  in  *  soloids,*  which  are  very  convenient  and  good. 

drams  MrfhofL — This  is  it  most  iisffnl  method, 
Rspecially  for  sections,  speciraeiiK  of  bbtod,  or  smear  or 
impression  preparations,  a&  the  tissne  or  ground  subHtance 
cftn  l>e  counter-stained  so  that  the  organiamH  hIiow  up  in 
niftrked  contrast.  Ordinary  cover-glass  specimens  do  not 
usually  require  this  uiethod,  unlesR  dtdiris  or  ground  sub- 
stance is  present  and  tlie  best  reftult  is  desired.  Unfortu- 
nately Crram's  method  is  not  aiipHcablt^  for  all  organisms, 
as  manv  do  not  retain  thfiir  colonr  by  thie  process.     This 
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Inngpi'  than  thm  niU'K.  It  Ik  ilIsh  iruportaiil  with  cfivt^r 
*^\a»»  flpecinifins  to  raiuBiniter  on  whirh  side  of  llip  g^lafia  tlie 
film  is,  for  it  may  Im  very  (lifliciiU  tn  aKcertain  this  wlion 
the  st>eciinen  lias  heen  decolorJxoil.  After  (Jecolorizing, 
cover-glaHH  specinienR  are  washed  in  water,  (hied,  and 
nionnte<l,  or,  after  washing,  the  p;roinid  sahstance  may  ho 
counter-stained,  if  retjuired,  with  eoBin  for  a  few  seconds, 
or  Bismarck  l>rown  for  two  or  tliree  minutes,  waKhed  a*^'ain 
in  water,  dried,  and  mounted.  Sections  after  decolorizinf: 
are  jMissed  through  /ihsidute  iilcolio!  and  xylol  Imfore 
iiiounUnf;;,  or,  if  required  to  he  eoimler-staiued,  are  ini- 
mersed  in  eosin  for  fifteen  lo  Miirty  stu'rinds,  or  Bismarok 
hrown  for  three  lo  five  niimUes,  and  then  passed  tlinin^^li 
metliylated  spirit,  ahsolnte  alcohol,  afid  xylol. 

Secticjiis  fretpienlly  are  wmiewliaL  ilillti'iilt  Ut  deeoloriKe 
with  alcohol  alone,  In  whieh  ease  it  is  well  U\  treat  thorn 
with  a  slif^htly  acid  alcohol  (SI  per  rent,  of  hydrochloric 
acid)  for  a  few  seconds,  and  (hen  return  to  the  alcohol 
(Oimther's  method). 

The  iodine  in  Gram's  method  seems  to  act  as  a  mordant, 
prei-ipitatiuf^  the  stain  in  a  relatively  hisohihle  form  In 
certain  sjtecieH  of  hauteria.  The  staintn^^  of  or^aniKms  liy 
Oram  is  relative:  some  forms  do  ntd  .^lain  at  all.  are  (h'am- 
firgntirfi — i.e.  the  colour  is  removed  hy  the  alcoliol  with 
the  ):nreate8t  facility — others  «tain  intensely,  are  ('tram- 
pnsiHrr,  hut  even  lhes(»  may  hecome  dectklorized  hy 
prolonged  treatment  with  alcohol.  The  liest  procedin-e  is 
to  have  three  watch-glasses  nl  melhyluted  spirit,  and  to 
transfer  the  cover-f,dasK  specimen  from  one  li>  another  as 
the  stain  ia  dianolved  out ;  in  the  last  hath,  immediately 
the  final  tnice  of  colinn-  is  seen  to  he  diHs<dved  (nit,  the 
preparation  should  he  removed,  washed  in  water,  dried, 
and  mounted.  In  order  lo  ascertain  whether  an  organism 
is  or  ift  not  stained  hy  (iram's  method  it  is  sometimes 
useful  to  mix  with   it  in  niakinj;   the  preparation    some 
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ed    Grani-NtiiininK   organism -e.g.    if   t\    bacillus, 
ifi     ^fierncocc^^s     pyogenes ;    if     a    coceuB,    with 
ntris  rir  fh  fHihfiliM,     The  fttiniixed  organism  then 
Pi  jin  index, 

tolloT\nnfT  oi^aniams  aro  fxRim-poaitive :  /?.   anthrach, 
imtp^  13.  fMant,  B.  Wehkii,  B,  boljififiUJit  B,  tubfrcnhfiis, 
latiSt  B.  IsprcEj  B.  mnrkeptmiSy  Actjnomycc&f  B.suhiiiis^ 
itericus,  B.'rftegaterium,  K  7nyccidiss,  ths  pyogenic  eoeci, 
tococci,  including  tbe  pneiitno<!occns,  mo^'^t  cocci,  yea^tfl, 
mtl  streptotbrices. 

Following  organisraa  are  (irani-nofpUive:    R  t^pliosuHt 
itifUfif  H.  fJi/fi&niiuice,  B.  coli,  B.  pestis,  H.   inthienzte^ 
i,  li.  psetulotuherculosis,  B.  pifocijaneiu^  B.  <Vihvtatis 
B.  Chuuvo^l  (usually),  B.  profJiijiosn,Kf  B.  prote us,  ihe 
lie    bacilli    nuch   an   chicken   cholera,   the   spirilla  ami 
spirochaetes   and    proto/oa,  M.  gonorrhira^  M.  mpjiin- 
l/.  uielilimsiH^  and  M,  calairhalia, 

laniliuaV  in*>difl(fatx(ni  of  Graiu*fi  iiipthod,^  NUiQitig 
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removed  with  tilter-puper  and  the  aectioria  are  flooded  with 
anilin  oil  two  or  three  times.  This  removes  the  colour  ami 
(lehydratuH.  Tlie  aiiiliii  oil  is  rumovetl  hy  floodin*;  two  or 
three  times  with  xylol. 

Thioniiie  hlue  may  bo  used  for  Gram's  method,  the 
carbol  sohttion  beiii;^  tMnploye<l  (Xo.  5.  p.  1)0).  Sections  are 
stained  for  two  or  thrte  minutes,  tlifu  treated  with  an 
iodine  solution  somewhat  stronger  than  Gram's  ('200  parts 
of  water  instead  of  300  [»arts).  The  sections,  after  re- 
maining in  this  for  one  to  two  minutes,  are  decolorized 
In  alcohol  containing  1  per  cent,  of  acetone  (methylated 
spirit  does  very  well),  and  subsequently  treated  as  in 
Gram's  method. 


TuK  Stainino  ok    Fjl.m  Si*kcimkns. 

To  stain  cover-glass,  smear,  and  impression  [ucpura- 
tiouB,  after  fixing,  the  tilm  is  flooded  with  a  dro[>  or  two  of 
the  solution,  or  the  |)rt'p!irjitiou  is  flouted,  fdm  side  down, 
on  the  Kohitiun  contained  in  a  watch-glu.ss ;  if  it  should 
Muk  it  makes  little  difference.  Various  baths  or  pots  can 
be  obtained  for  stainin^f  slides.  Wiiruiiu^  intensities  the 
stuinliig  pro|Mn*ties  uf  all  staining  solutions.  Having 
stained  suiliciently,  the  preparation  is  rinsed  in  a  beaker 
or  tumbler  of  water,  or  in  a  line  stretvm  of  water,  prefer- 
ably distilled,  and  having  rinsed  the  superfluous  colour 
away,  it  is  dried  and  mounted  on  a  glass  slide,  film  aide 
down,  in  a  drop  of  Canadii  Utlsam  dissolved  in  xylol.  The 
pre^Miration  is  dried  by  tjvnUc  warming  over  the  Bunscn 
flame,  having  first  drained  it  on  to  a  piece  ">f  iilter-paper 
for  a  se*-ond  or  [\\u,  n.-maiiiiu-jj  droplets  ol  water  Ijeing 
moppe<l  up  wiLli  a  shied  of  Jilt-LM-paper.  or  the  film  may 
be  blotted  between  IJlLer-paper.  Or  the  lilm  may  be 
allowed  to  dry  spontiuieously  ui  the  air,  in  whifh  case  it 
should  always  be  set  up  on  edj^e  to  druin.  preferably 
on  a   letlge  of  liltcr-iwper,  whiL-h  is  folded  into  a  sort  of 
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iBcl  2_  (2)  sliapa-       The  preparations    must    be 
ly  dried  before  being  mounted  in  haham, 
ere  be  mueh  debris  or  other  material  which,  when 
would  interfere  with  i\  clear  view  of  the  tirgauisms, 
^spedientH  may  be  adopted.     One  ia  to  stain  for  a 
le  M'ith  a  solution  which  does  not  give  a  very  den&^e 
he  besli  for  this  purpose  being  Lnflier's  methylene 

Gram*8   method   may   be   made  use   of    if    the 
\  ataian  by  it,  and  will  give  the  best  residt  of  any. 

plan   tB  to   treat  the  8i>ecimen  with    acetic  acid 
aining  ;  it  may  be  just  dipped  in  glacial  acetic  acid 
uediately  washed  in  distilled  water,  or  immersed 
^r  cent,  acetic  acid  fof  five  to  ten  miimtee,  washed 
ed  water,    and   tlien   atained.      A   third  is,  after 

and  washing,  to  rinse  the  preparation  in  dilute 

methylated  spirit  1  part,  water  1  or  *2  partti),  and 
tely  wash  at,'ain  in  water  to  ntop  the  further  action 
Icohol.     If  the  tilm  be  tliiek.  two  or  threo.  rinses 

TREATMENT  OF   SECTIONS 
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Tkkatmbnt  of  Sections  fob  Staining  and  Mounting, 

(a)  Frozen  Sections, — If  preserved  in  spirit  they  sliuuKl 
be  riiiHed  in  distilled  water  before  staining,  imleHH  the 
stHining  Kolutiou  is  an  tilcolioHe  (jue,  in  whicli  cnse  this  is 
uunecessary.  After  staining  they  are  well  rinsed  in  water 
or  methylated  spirit  to  rcmave  the  excesH  of  stain,  and 
then  dehydrated  and  cleared  before  bein^  mounted.  For 
dehydrating,  if  they  have  been  washed  in  water,  they  shoidJ 
be  well  rinued  iii  methylated  Hpirit '  to  reni<jvu  the  cxceHK  of 
wat^r,  and  then  tranaferred  to  absolute  alcohtjl  for  a  few 
Het^nds  to  two  minutes,  the  time  varying  with  the  size  and 
thickness  of  the  section.  In  many  t-aseB  — for  iiistnnce, 
when  the  auilin  dyes  have  been  used  for  staining — the 
aections  must  be  paused  as  rapidly  as  poHsible  consistent 
with  thorontjh  (khi/dratlon  through  tlie  absolute  alcohol 
to  avoid  removing  too  much  i>f  the  colour.  If  it  iHimporUiut 
to  avoid  any  decolorizalion,  anilin  ail  may  he  used  for 
dehydration,  as  in  Weigert's  muthod  (pp. 'Jf>  and  102).  For 
clejiring,  xylol  or  cedar  oil  is  the  best  Jigent,  for  neither 
dissolves  the  anilin  dyes ;  they  will  only  clear,  however,  out 
of  almolute  alcohol :  hence  the  preliminary  rinsing  of  water- 
washed  sections  with  methylated  spirit  to  prevent  dikition 
of  the  subse(]uent  hath  of  alisolutc  nluolnil.  Oil  of  cloves 
can  also  l>e  employed,  hut  has  the  disadvanlage  that 
it  dissolves  the  anilin  dyes,  and  the  colour  of  stained 
sections  treated  witli  it  is  apt  to  he  less  permanent;  it  has 
the  advantage,  however,  of  clearing  out  of  methylated 
spirit,  absolute  alcohol  Iwiug  uiniecessary.  The  ali-ohol 
and  clearing  agents  are  conveniently  pluceil  in  watch-gjassos 
or  small  shallow  glass  ca|mules.  The  suction  is  kiuiwn  to 
be  cleared  when  it  appears  quite  transparent  and  almost 

'  Ab&olatc  alcohol  may  of  coarec  bi:  uiupluyetl  instc-ud  or  tbc  first  baUj 
ol  methyUted  {or  rectified)  ^spirii,  but  lut-thylutcd  iinswtrs  ju«t  as  well  mid 
l^  lebb  uxpviibivt.'. 
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when  the  wiitch-glasb  ov  capsule  containing  it  h 
r  a  ikrk  surfttce.     If  it  appears  cloudy  and  opatiue 

inoptrly  elearedj  which  results  from  msufticient 
or  ilehydratiug.     If  the  section  does  not  clear  in  a 
Ltr  two  it  is  evidently  not  sufHciently  dehydrated, 
lid  he  returned  to  a  fresh  hath  of  almulute  alcohol 
oit  ilma,  and  then   trtinHforred  again  to  the  clear- 
t.     Care  should  he  taken  that  watch -ghmseSp  &c.^ 

the  ithsolute  alcohol  and  clearing  agent  are  per- 
y.    The  clearing  agent,  especially  clove  oil,  can  be 
ny  timeH  before  becoming  useless, 
transferring    the    sectionsi    from    one    solution    to 
an  ordinary  needlej  fixed  in  a  light  wooden  handle, 
or,  better  still,  a  piece  of  glass  drawn  oat  at  one 
.section  bein^  carefully  Hfted  by  one  corner  to  pre- 
lupling;  hut  for  the  final  proce^a  of  mounting  it  in 
y  to  USB  a  section  lifter  or  cigarette-paper.     The 
spread  out  with  care,  h  raised  up  by  means  of  the 
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iinnierBR  in  (I)  xylnl  for  nnp  to  two  niinutefl :  (2)  ahflnlutH 
iilroliol  one  to  two  luhuiteH,  to  removp  ihe  xylol  ;  (3)  methy- 
lated Bpirit;  \,4)  distilled  water.  Tliey 
are  now  ready  for  Rtaining,  and  are  to 
I>e  flooded  witli  the  staining'  solution  or 
immersed  in  it,  and  after  Htaiiiiii^  they 
are  treated  in  the  fsanie  manner,  lutt 
in  the  reverse  order,  i.e.  (1)  distilled 
water;  (2)  methylated  spirit;  (8)  ahso- 
lul©  alcohol ;  (4)  xylol.  On  l>eing  re- 
moved from  the  xylol  the  Blides  aro 
drained  for  a  few  seconds,  a  drop  of 
xylol  halsam  is  then  put  on,  and  the 
.section  covered  with  a  clojin  fover-glanH.  ^ — 
Gloss  i)Ots  (fi2,  19)  fdled  with  the  F"^-  ''■»-  G^-^^  l*'*'' 
aU'oliol,  xylol,  Ac.  are  convenieiii  tor 
the  treatment  of  paraffin  sections,  the  slide  with  the  section 
iijvin  it  hein^  immersed  in  the  Miiid. 

Sk(tton  Staixinvj. 

When  Oram's  method  is  aiiplirahle  it  gives  by  far  ilie 
best  results,  and  sliouhl  ahviiys  he  ^^niployed.  If,  however> 
the  orgADismB  are  decolorized  in  Gram's  process,  some 
other  method  must  ho  adopted.  One  of  the  best  is  to 
slain  for  from  ten  minutes  to  six  or  i/i^^ht  hom's  in  Loitlor's 
methylene  blue.  Fresh  easily  stainhig  or^anisras  will  be 
sufticiently  stained  in  ten  or  fifteen  minutes,  hui  when  the 
organism  is  difficult  to  stain,  as  glanders,  six  totn^Oit  hours 
may  not  l»e  too  lonrj  a  time.  Warminpj  intensifies  the 
staining  jtroperties  of  all  staiuiiif^  HohitionK ;  for  frozen 
8e<'tions  the  watch-glass  of  stain  may  he  warmed  on  a  sand- 
bath  or  asbestos  cardboard,  or  in  the  bbiod-hcnt  incubatrjr. 
Sections  on  tlte  slide  may  be  rtorided  with  the  stain  and 
wanned  on  a  piece  of  asbestos  cardlioard  ]ilaced  over  a 
Bimsen  Hame.     After  staining,  the  sections  are  well  rinsed 
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il  wator  and  then  slightly  decolorized  by  rinBing 
a  minute  ot  so  in  ft  watch-glass  of  1  per  cent. 
l1  in  Jintilkd  water.     Thej  are  then  agam  waBlied 
)d  a«  rapidly  as  posaible  tlirouf^h  alcohol,  cleared 
md  mounted.     Carljol-methylene  blue  or  ^.^arbol- 
>!ufi  may  be  used  instead  of  the  Lofiier's  Holntion, 
ing  takint;  from  a  few  minutes  to  haU  an  hour, 
ust  atftin  be  denired,  the  sections  may  be  treated 
secondB  with  the  eosiii  solution  after  the  dihite 
t  a  better  method  is  to  use  the  ChGnKinski  solu- 
^h  is  Btronply  recommended  by  Klein  (see  p.  90). 
g  be  prolonged^  evaporation  mnBt   he  prevented. 
m  of  a  section  mounted  on  the  slide  and  flooded 
\,  the  slide  Bhould  bfi  placed  on  a  piece  nf  wet 
*apGr  on  a  tile  and  covered  with  the  lid  of  a  Petri 

uicrn-organismR  in  sectionR  stained  with  Lciffler^s 
very  liable  to  become  decolori/.ed  unlet^H  the  de- 

TAPStrLK   STAlXrXO 
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be  aa  thick  as  Iho  iNicterial  icll  itself,  nx\d  ft|:)i>en.rs,  in  the 
iinataiueil  qUUo  or  aft^r  Klaining  hv  the  nniiniivr  inethodH, 
as  a  clear  halo  or  zono  snrvimnilinp:  thft  <ii'f;aniHni.  Orfran- 
iams  in  fihns  rif  alliinninoiiH  inatif^r  n[t4'-ii  ajipimr  to  hf^  sur- 
rounded hy  a  clear  halo  which  imint  not  he  mifttalcen  for  a 
capHule.  Afl  organiRins  treijueiitly  lose  their  mpfiuleH  on 
ordinary  culture  media,  ^f(^ore  leconunonds  cultivating  In 
fluid  serum  to  ol»tain  the  re-developnient  of  the  capsule. 
In  order  to  statin  thw  capsuh^  one  of  th«*  follnwinK  meHiodH 
may  he  adopted : 

1.  Stain  the  preparations  hy  j"«t  dippin;:,'  in  the  fol|o\vin;< 
Aolntion : 

CarlKd-fiichniu     ....       I  pitrt 
DiHtilled  water     ....       I  puiL 

Hinsc  in  wntpr  and  thru  ^tain  f^r  IKtwn  noofUnU  in  n  very 
wi-aU  lupieous  sohition  of  ^^euLian  vioUtt  (01  per  eeiil.)  ((insn  in 
water,  dry,  and  mount. 

2.  MeConkey's  Mi'thotl.-  *V\\vt  followintc  « 

Methyl  f»reon         .... 

Hahlia 

Distilled  water        .... 


iihini  IS  pr*'p:ii"LM| 

l*r»  grams 

0*5  <,'rani 
100  C.C. 


When  diftftolved,  10  c.,c,  of  a  satin'ftt*»<l  alcoholic  solnLimi  of 
fuchsin  aro  luldwl,  and  the  ivhnlo  is  made  np  to  200  c.c.  wiOi 
distilled  water.  The  stain  should  not  be  ii^ed  for  a  fortni^'lil, 
and  should  be  kept  in  a  dark  place.  Specimens  are  .stained  for 
five  minuteK  f  r  lon^jer,  and  tfinrouLrhly  washed  in  a  stream  of 
water,  drie<l,  and  mounted. 

Jl.  Fritilliimit't's  Melliori  (for  tissues). — Mix, 
ConcenlraUMl  iilcohohc  solution  (f 

gentian  violet     .        .        .        .50  parta 
Distilled  water       .         .         .         .100  parta 

Acetic  acid 10  parta 

Htain  the  sections  in  this  .solution  in  the  ivftrm  incubator 
for  twenty-four  hours.  Rinse  well  in  1  per  cent,  acetic  acid, 
pass  through  alcohol  and  xylol,  and  mnunl  in  hftbani, 
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ill  spnm-liearing  Kneterirt  areatainod  by  the  ordinary 
I,  tliB  siK>veR  are  just  UntoO,  or  remain  uncoloured 
^  (UitUnefi  niorp  or  les**  pfcained.    This  Heema  to  \iO 
he  fact  that  the  Bpores  are  surrounded  with  a  toutfli 
ne  which  prevents    tlip   entrance  of   the  staining 
By  Btaniing  by  eome  method  which  cauRes   the 
.ion  of  the  stain  and  then  cautiouBlj  decolori:?ing, 
Bible  to  remove  the  coiour  from  evei'jfching  exoepl 
ea,  the  resist  membrane  of  wliich  in  the  Ranie  way 

I  the  full  af^tion  of  the  dei^obris'.ing  accent. 

imjdt'  MethoiL—A  fihn  is  prepared  in  tho  ordinary  wny* 
irglafis,  it  ifl  floated  on  n.  -n'jitch- glass  of,  if  ii  Blid<»,  tl  is 
'ith,  cai'M-fiichfiin,  nnil  the  slmu  is  wanofid  for  twonty 
After  lioiii^'  wiwliod  in  m\U\\  tlie  preimi-ation  i.s  rinse^l 
)n(l  or  two  in  1  per  cent,  sulphuric  ncirl  and  again  washed 

II  wfttev,     Tf  th^re  ifi  .'^till  a  ^oofl  deal  of  tho  w**l  colour 

FLAGELLA   STAINING  ia5 

Sfieciiuen  in  the  ordinary  way.  Treat  with  absolute  alcohol  for 
two  minutes,  and  then  with  chloroform  for  two  minutes.  Wash 
in  Water  and  treat  with  a  5  per  cent,  solution  of  chromic  acid  for 
two  minutes,  wash,  and  then  stain  with  warm  carbol-fuchsin  for 
ten  minutes.  Wash,  decolorize  carefully  in  1  per  cent,  sulphuric 
acid,  aprain  wash,  and  counter-stain  with  LofHer's  methylene  blue 
for  one  minute,  wash,  dry,  and  mount.  Some  organisms,  such 
as  the  B,  mesentericiiSt  stain  better  if  treated  with  the  chromic 
acid  for  five  to  ten  minutes. 

Flagella  Stainino. 

Many  organismn  possess  delicate  protoplasmic  processes, 
flagella,  in  greater  or  less  number ;  but  these  are  not  visible 
when  the  organism  is  examined  in  the  living  condition 
(except  by  the  use  of  dark  ground  illumination),  nor  when 
the  ordinary  staining  methods  are  employed.  In  order 
to  demonstrate  them  it  is  necessary  to  make  nse  of  some 
si>ecdal  method,  in  which  a  mordant  is  essential.  One  of 
the  earliest  devised  was  that  of  Loftier,  which  with  care 
giive  fair  results.  It  is  not,  however,  nearly  so  satisfactory 
as  some  more  recent  ones,  so  is  omitted. 

For  all  methods  of  flagella  staining  the  cover-glasses 
or  slides  must  1)3  absolutely  clean,  the  cultures  recent,  and 
the  growth  sufticieatly  diluted  to  obtain  the  organisms  in 
an  isolated  condition. 

(a)  Stc2)heuH\'i  Method. 

This  is  a  modification  of  the  well-known  Van  Ermengom 
method,'  and  has  been  communicated  to  the  writer  by  Dr. 
J.  W.  W.  Stephens. 

To  clean  Slides, — Rub  the  slides  with  a  clean  cloth  and  place 
on  a  piece  of  clean  wire  gauze  and  heat  with  a  smokeless  flame 
for  some  minutes  (by  this  means  grease  is  completely  removed). 
Remove  the  slides  when  cool,  not  before. 

To  make  the  Emulsion. — All  methods  are  unsatisfactory. 
Rub  a  little  of  the  culture  in  a  small  drop  of  tap-water  in  a 

'  Cfntr.  /.  DahL  xv.,  1894,  p.  i»69. 
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(/»)  PUfield's  Mrthtnh — Two  8oIiitions  are  freshly  prepared  : 


10  c.c. 


I  c.c. 
1  gram 
10  c.f. 


A.  Saturated  oqueoii.s  •solution  of  alam 
Saturatt^l  alcoholic  solution  of  ^'etitian 
violet        ...... 

15.  Tannic  acid 

I>intille<l  water 

The  solutions  shonld  be  made  with  col<l  water,  filterodt  and 
pre«en'©d  in  Bei>aratf  bottles.  For  n»e  equal  qnantitiosarc  inixcxl 
together.  The  HpccimeDS  are  Htiodod  with  tbe  mixture  ainl  hold 
over  tbe  I  lame  until  it  ne^irly  boils;  they  are  then  laid  a^ide, 
with  the  hot  stain  on  thom,  fnrnneminiitr,  and  arc  finally  washeti 
in  water.  After  washinj^,  the  prepamtions  am  ri(r>dp(1  with 
anilin  j^entian  violet  (or  ono  Recond,  washod  in  water,  dried,  and 
mounted. 

{e)  McCrorW*  MeUuHi  *    {vi/uJificfl  by   Mortnn-). — IVfpai'ft 
the  followinf(  flolutiouR : 
A.  Tannic  acid    . 

Potash  altuii  .... 
Distilled  water 
n.  'NiKht'  Idur  .... 
Absolute  aIcob.>l     . 
Mix  and  filter. 

The  prepared  alides  aro  itatnod  with  this  solution  (which 
shonld  alwayj  be  filter^^d  beforo  ine)  for  two  minutoH.  the  solntion 
bluing  chanjjed  two  or  tbrr*  limos,  washed  <,'ently  in  running 
water,  and  then  cnnnter-stained  in  anilin  gentian  violet  for  ono. 
to  two  minutoH,  washed,  dried,  and  mounted. 

PURSRItVATION    OF    Ol'IiTlltRH. 

Cielatin  and  ajjar  cultures  nnvy  bo  satisfactorily  preserved 
by  submittinR  tbeni  to  the  uction  of  formabb^byde  vapour  for 
some  hours  by  soakinp  the  wool  plug  of  tbe  culture  tube  in 
formalin  and  plugging  tho  tube  with  it.  The  lube  may  then  l»o 
Koaled  with  gutta-percha  tissue,  nealing-wax,  or  paralfm  wax,  or 
liest  of  all  in  the  blowpipe  tlame.  Plato  cnUivationH  Juay  also 
he  exposed  to  the  vapour  and  the  lid  of   tho   dinh   afterwards 

•  BriL  Mfd.  .Joum.  lHil7.  i.  p.  971. 

'  Tran$.  Jenncr  Inst.  J'rev.  Med.  ii.  p.  242. 


]  grain 
1  gram 

\0  c.c, 

Or>  gram 

2U  c.c. 


^^^^H 

^^^^■_l|^^^^^^H 

^^^^^^^^^^^^^^^^1 

^^^^^^^^^^^^^^^^^^^H^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^l 

^^^^^^^H 

^^Hjj^^^^^^HH^^^H^^^^H^^I 
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^il  ou,  or  llie  cuUuies  iiiaj  be  iniirU^  in   the  Hat  bottJos 
V  bottles ')  devifled  for  the  purpoae,  and  after  develop- 
pAted  like  tnbp  cultni-efl. 

PiiFHKUVATION    OF    PaTW (^J.ODir AT*   Si'KcrMENR, 

yo  um^  be*  pi'esGrv3d  in  the  ordinary  way  in  spiritj  but 
1    h&tter   method,    by  which   tho  natural    colour   of   the 
n  i.s  rtitainerl,  is  tbe  followiii*^.     Tho  specimens  aro  first 
in  wftti^f^  and  then  placed  in  th«  following  solution  for 
four  to  fotty-eight  honra  : 
Fornialia         ,         .         .         ,         .       (\  parts 
Soflium  chloridfl      ....       1  part 
Snlium  anlphate     ....       Si  partR 
Maf]:ne^ium  sTilphato       .         .         .      ^  part^ 
'Fap-wftter      ,         .         .         .         .  100  pari^ 

1'  being  taken  fmui  tbe  fornmlin  i^olntinn  the  f^pocimonA 
Gil  in  metbylatod  spirU  for  ten  niimite??,  ami  then  in  JV 
ith  of   methybitc'tl ;  in  this  tlio  cobuir  to  a  Urge  ovtent 

jtniHIje^bouliMji^arefnll^watcbed  and  not  allowed  to 

1 

■ 
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CHAPTER    IV. 


METHODS  OF  INVESTIOATINO  MICROBUL  PIHEASES  THE  IN- 
UCCLATION  AND  DISSECTION  OF  ANIMALS  -IIAN<ilN(i-nROI» 
CULTIVATION — INTKRLAMELLAB      FILMS  — THE     MI€flOSCOI'E. 

Tlie  syst'eniatic  study  of  couditioiis  (lejHsndBnt  ou  the 
activity  of  micro'or^auimus  is  in  many  inHtauces  no  light 
uiaiter.  When  only  out;  or  two  foruiH  art!  [)re.stni(j  and 
tlitfse  are  readily  cultivated  it  may  be  coiupamtivuly  Civsy, 
but  when  there  are  many  species  the  matter  may  Ixjtomo 
excKedin^ly  uoiupUcated.  The  first  step  to  l?e  laken  is  to 
ascertain  wliat  organisms  are  present  in  the  material  and 
their  distribution  by  careful  inicroscoinual  examiualion, 
both  in  tlie  fresh  condition  and  in  stained  prepanitirmH, 
and  if  possible  ab  different  stai^es  of  the  disease.  In 
diseaiie  conditions,  for  example,  the  blood  and  secretions 
may  be  examined  both  before  and  aftor  ihnith,  but  hi  the 
latter  it  must  be  remembered  that  soon  after  the  fatal  event 
adventitious  organisms  rapidly  make  their  appearance, 
gaiuiii<;  access  from  the  air  and  from  the  intestinal  tract. 
If  orj^anisms  are  detected  an  attempt  should  be  luitde  to 
det^nnine  if  there  is  any  predomiuitnL  form  and  if  this  ih 
i-onslantly  present  at  different  staj?es.  If  organisms  are 
found,  it  himplilies  matters;  bub  if  nni,  il  t-ainiot  therebfru 
l>e  said  that  they  arc  aliHent.  for  Lhey  may  be  few  ui 
number,  and  consequently  be  missed  iri  a  microsi-opical 
examination ;  or  they  may  bo  confined  to  a  particular 
locality  or  tissue,  or  are  present  only  at  one  wtaj^o  of  the 
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u     la  addition  to  the  microscopical  examination, 
must  be  made  on  variouB  media,  those  media  being 
vhich  will  probably  be  Bailed  to  the  growth  of  the 
Q  present  in  the  particular  condition  ;  for  example, 
ziing  the  diseases  of  animals,  media  rich  in  protein, 
blood  serum,  peptone-agar,  and  gelatin,  will  be  the 
rvicetvble.     In  examuiiag  the  bacterial  diseases  of 
infusions  prepared  from   the  plant  itsell,  and  en- 
ly  the  addition   of   vegetable  proteinsj  and  carbo- 
i,  ahould  be  chosen.     In  fermentations,  beer-wort, 
:  fruit  Juice,  and    saccharine   Bolutions  should  be 
e  of ;  while  for  the  nitrifying  organisms,  solutions 
ng  nitrates  and  nitrites*  salts  of   ammonia,  urea, 
Eiragin  will  have  to  be  employed.     In  addition,  it 
uost  cases  be  advisable,  and  in  all  safer,  to  make 
ItivafcionB,  in  order  to  isolate  the  varioua  spet.^ios, 
:>taiu  pure  cultures.     Having  obtained  purecultiva- 

llACf lilUULUU ICA  L   I N VESTiCi ATlUN H 


in 


3.  The  i>eculiarities  of  Btaininp,  and  the  Btaining  re- 
action with  Gram's  and  the  Ziehl-Ncelticii  method. 

4.  The  characters  of  the  colonies  iu  gelatui,  agar,  and 
other  media,  both  surface  and  deep. 

5.  The  characters  of  the  growth  on  a  variety  of  culture 
media  al  dilTereat  temperatures  —lor  example,  for  a  patho- 
genic organism  i»n  bliMid  serum,  agar,  and  gelatui  (surface 
and  stab  cultures),  in  broth  and  on  potato:  liquefaction  or 
not  of  the  gelatin  ;  the  growth  in  milk,  with  or  witltout 
curdling,  and  the  reaction  therein  ;  imd  the  fermentation 
reactions  on  carbohydrates,  giiicosideB,  altioholH,  ifcc. ;  the 
nature  of  the  gas,  if  any,  formed  therefrom^  and  the  II  :  CU^ 
ratio. 

G.  The  l>ehaviour  towards  oxygen^ — is  it  aerobic  or 
anaerobic '? 

7-    The  range  of  **m\vLh  at  ditTerent  temperatures. 

H.  The  reducing  power  bygi-owiug  iu  Htnuis  broth  which 
l^ecomeB  decolorized,  or  by  the  formation  of  nitrites  in  u 
solution  cont^tinin^  nitrates. 

0.   The  production  of  indole  with  or  without  nitrites, 

10.  The  production  of  pigment  and  the  conditions  under 
which  it  occurs. 

11.  The  pathogenic  iiriion  on  varioim  animals  if  it  be 
a  disease  germ,  or  the  changes  which  it  produces  if  it  be 
an  organism  conntHttuI  vvitli  otbtir  couditions. 

1'^.  The  chemical  uhauge.s  which  it  induces. 

18-  The  thermal  ileath-point  and  the  action  of  germicides 
and  antiseptics  u[ion  it  (see  Chapter  XX.) 

For  dcMi'viplive  puipoHCK,  'sduubud*  culture  niwha 
shouhl  alwavs  bu  employed,  and  tlie  acidity  or  alkiilinity  of 
the  metham  stated  (p.  ^)i*). 

U  must  never  he  forgotten  tlutt  undt'c  cultivation  the 
proi»ertie8  of  organisms  may  be  considerably  modified,  and 
due  allowance  must  be  made  for  this.  I'or  example,  patho- 
genic  organisms   may    Iosb    tbeif    virulence  more    or  less 
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sly,   pi^^tnent  production  he  loBt^   and  fei'tuentive 

loditied.    An  instance  of  the  latter  ih  givtju  by  Percy 

|nd  ;  a  biieillua  isoUited  by  Iiini  posBessed  the  jxiwer 

lilting  ttikium  glycerate,  but  after  cuUmvtion  on 

gelatin  it  c^ompletely  failed  tu  da  so. 

tbviiite  these  difficulties    the  orgiiuisms  sbonld  Ijtj 

id  uudttr  as  nearly  natural  conditions  as  iioaailjle 

-cultivation  avoided  as  far  a»  can  be.     No  general 

be  given  as  to  the  duration  of  Hfe  of  cuHui'es  on 

media,     Moat  organisniH  will  retain  their  vitality 

-st  three  or  four  weeka  without  being  transferred 

h  soil,  aotnvi  for  many  moutliH ;  a  few  must  be  Kub- 

evory  week,  or  they  will  die  out ;  while  there  are 

nail  number,  tiuch  afl  leproKV  and  relapsing  fever, 

[i  far  have  rareJy  or  never  been  cultivated.    On  tlie 

IrganiMma  rt^tain  their  vitality  best  on  gelatin. 

organiHtn  to  retain  iln  virulence  it  is,  aH  a  rule, 


ii  a.  suiiceiM 


le  annual 
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The  slightly  virulent  organism  will  tlien  be  able  to  prow 
under  the  more  favourable  eontlitiun.H,  ami  a  form  which 
has  become  completely  non- virulent  can  be  mjule  to  regain 
its  lost  virulence. 

Collodion  Kackrt  are  now  frequently  iiwed  to  study  the 
ivction  upon  animals  of  the  dialysable  productB  produced 
by  niicro-orj^iiniHuis  which  do  not  ff)rm  any  appreciable 
amount  of  toxin  in  ritro^  for  cultivating  species  which  are 
difficult  to  grow  by  ordinary  methods,  for  studying  tlie 
phenomena  of  infection  when  tlie  niicru-orj^mnisms  are 
protecte*!  from  the  plnigocytes,  and  for  other  purposes.  A 
»;lasa  rod  or  small  test-tube,  according  to  the  size  desired, 
is  dipi^ed  into  a  beaker  containing  the  ordinary  {not 
flexible)  collodion,  is  then  withdrawn  and  allawed  to  dry, 
and  the  process  repeated  two  or  three  times.  In  order  to 
detach  the  collodion  from  tht.^  f^dass,  the  whole  in  dipjKjd 
for  a  few  seconds  alternately  into  strong;  spirit  and  into 
water,  the  collodion  loosens,  and  may  be  eiisily  i>eeled  off 
the  j;lasH.  The  sack  may  be  sterilized  by  placing  in  a 
test-tube  and  heating  to  IfiO^  C.  in  tlie  hot-air  sterilizer. 

For  the  intx^utation  of  animals  various  nietEiods  may 
l>e  adopted.  In  some  cases,  after  clipping  tlie  hair^  the 
organism  may  be  introduced  by  rubbing  into  the  hldn  after 
scarification,  or,  a  small  incision  having  been  made  through 
the  skin,  a  small  quantity  of  a  culture  may  be  introduced 
on  a  platinum  needle  ;  or  a  broth  culture  or  an  emulsion, 
made  with  sterilized  water  or  broth,  may  be  injected  with 
a  sterilized  syringe  suljcutaneously,  intraperitoneally,  <»r 
into  the  muscular  or  other  tissues  or  organs  as  retpiired, 
Hince  the  sent  of  inoculation  may  have  to  be  varitwl  for  tlm 
different  species  to  produce  their  pathogt^nic  effect.  For 
injection  purposes  a  syringe  like  an  antitoxin  syringe, 
i,e,  with  asbestos  piston  and  glass  barrel  that  can  be 
boiled,  should  be  used.  Several  sizes  are  kept  in  stock  ; 
1  C.C.,  2  C.C.,  and  5  c,c.  at  least  being  required.     An  all- 
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glass  syringe  is  a  still  better  fornij  l>ut  is  e\|>eitfliv(i.  Kor 
accurate  dosage,  the  piston-rod  should  he  gi-adiuited  iunl 
have  a  nut  travelling  on  a  screw  np  and  down  it.  Before 
use  the  syringe  with  the  needle  should  be  hoiled  for  ten 
minutes  to  sterili/e  it ;  after  use  it  may  be  well  rinsed  and 
again  boiled.  The  needles  should  be  wiped  dry  and  a  wire 
inserted,  or  they  may  be  kept  in  a  bottle  of  xylol. 

Guinea-pigs  and  rabbits  are  usually  inoculated  in  the 
tliigh  or  abdomen  ;  mice  iii  the  dorsal  region  or  at  the 
root  of  the  tail  (dorsally),  the  hair  being  clipped,  and 
the  skin  disinfected,  but  this  h  not  generally  necessary. 
Numerous  mechanical  hohleis  have  been  devised  for 
aninmls,  hut  are  not  as  a  rule  required.  Babbits  may  be 
inoculated  intravenously  by  one  of  the  large  veijis  in  the 
ear.  The  hair  is  clipped,  and  the  skin  is  well  washed  with 
a  little  alcohol  with  vigorous  rubbing ;  the  base  of  tlie  ear 
is  liglitly  pinched  ho  as  to  obstruct  the  venous  but  nol 
the  arterial  circulation,  and  render  the  vein  prorainenU 
and  the  injection  made  with  a  small  syringe  fitted  with  a 
line  needle,  the  needle  being  passed  into  tlie  vein  towards 
the  base  of  the  ear.  After  the  withdrawal  of  the  neetlle 
the  wound  is  compressed  for  a  little  and  may  be  dressed 
with  some  antiseptic  wool  and  collodion. 

The  phenomena  occurring  after  inocidatioa  must  be 
noted.  Usually  these  are  not  very  obvious  in  the  rodents, 
but  loss  of  appetite,  sluggishness,  staring  coat,  convulsions, 
i^c.  may  be  seen.  The  weight  of  the  animal  is  a  good 
index  of  wljat  is  liappening.  If  the  infection  is  serious, 
the  weight  rapidly  falls  ;  if  the  animal  is  to  recover,  itts 
weight  soon  begins  to  increase  after  the  preliminary  full. 
Tilt!  temperature  in  the  rectum  may  also  be  taken,  Init  is 
not  so  valuable,  as  in  the  guinea-pig  variations  occur  from 
mere  handling  or  other  alight  causes.  The  temperature  of 
the  guinea-pig  averages  ySMi  \  but  varies  between  36*  and 
S\y'  (J.  (Kyre). 
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The  examination  of  tlui  dead  animal  should  l>e  carried 
out  with  as  Utile  delay  as  jiottsible.  For  diBnection,  the 
lK>dy  should  he  piDned  out  on  the  back  on  a  board,  whicJi 
may  stand  in  a  shallow  enamelled  iron  jnm,  hy  i>ins  or 
nails  through  the  feet,  and  the  abdomen  well  soaked  with 
antiseptic  Kolutiuii,  not  so  much  to  sterilize  the  skin  as 
to  prevent  the  hair  from  getting  into  the  incision  ;  to 
obtain  complete  sterilization  of  the  skin,  it  is  preferable  to 
clij*  or  shave  the  hair  and  then  sear  with  a  red-hot  iron, 
KnivcH,  forceps,  scissons,  Au.  shonhl  be  well  boiled  in  an 
enamelled-iron  mug  or  pie-dish,  the  water  beuig  kept 
boiling  daring  the  progress  of  the  dissection  and  the 
iustrnments  rinsed  from  time  to  time  in  it.  A  little 
sodium  carbonate  may  with  advantage  be  added  to  the 
water.  A  small  enameUed-irou  lish -kettle  with  perforated 
strainer  forma  an  excellent  sterilizer  for  inntrumentB,  or  a 
syrgical  instrnment  sterili/er  may  bo  imed.  An  infisiun  is 
made  and  the  skin  well  reHected  and  piinied  out;  the  knife 
and  forceps  sliould  then  be  re-Htenli/ed,  or  fresh  sterile  in- 
Htruments  taken,  for  the  deeper  im-irtiou  and  openin^^^  the 
lH>dy  cavities  ;  these  again  must  be  re-sterilized,  or  a  third 
set  of  instruments  employed  for  incising  the  organs. 

During  the  progress  of  the  dissection  the  condition  of 
the  tissues  at  the  seat  of  the  inoculation  should  be  noted, 
and  likewise  the  conditions  of  the  serous  niombraneH  and 
the  various  organs.  In  many  diseases  the  organism  is 
met  with  most  abundantly  in  the  spleen,  hi  others  in  the 
blood,  and  in  some  at  the  seat  of  inoculation.  Where  a 
systematic  examination  is  made,  tihn  specimens  and  cni- 
tures  on  two  ur  three  media,  acrubic  and  anairobic,  should 
be  prepared  from  the  setit  of  iiioculation,  the  spleen,  liver, 
lungs,  and  heurt-blood,  and  in  some  eases  from  tho  serous 
mem1>raues,  muscles,  or  central  nervous  system  iiiadilition, 
the  carcase  being  m  the  intervals  covereil  with  a  Kdl-jar 
wliich  has  been  rinsed  in,  or  with  lilter-paper  moistened  with, 
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c  solution.  An  assistant  is  often  useful  or  even  neeea- 

['he  greatest  care  must  be  taken  to  avoid  droiii^iug 

ling  or  otlierwiBe  disseminating  infective  uiateriul, 

IS  being  immediately  swabbed   up  with  antiseptic 

and  the  operator  muat  exercise  every  preeautiou 

it  the  infection  of  himself  and  otherB.     It  is  eon- 

|tt*  lirtve  aome  efficient  antiseptic  Kolution  ne^ir  at 

may  be  kept  in  a  large  bottle  »n  a  wall  l*rucket  and 

as  retjuired  by  a  syphon  tube  provided  witli  a  tap 

clip.     The  most  generully  used   antisepticH  are 

.  carbolic,  and  1-500  corroBive  sublimate,  Imt  2  per 

n  or  kerol,  or  8  per  eent.  lyBol  ifl  cheaper  and 

Icient.     The  aecesH  of  Hies  to  the  carcase  must  also 

ed  against,  as  they  miglit  carry  infection.    When 

with,  the  CiircaHG  should  be  efficiently  disinfected 

[)Osed  of  without  debiy,  preferably  by  burning  it, 

the  board  on  whitii  it  has  bt^n  pinned  out* 
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superficially  across  tho  inniu'  iiHpect  of  the  tlnsh  ; 
this  permits  of  the  withdrawal  of  a  small  qaantity  of  blood 
without  the  necessity  of  an  operation  Biich  as  is  required 
Ui  exiKJHe  th«  carotid.  Th«i  siniploHt  method  of  nil  Is  to 
introduce  tlie  fine  point  of  a  piece  of  glass  tubing,  draAvn 
out  and  bent  to  a  convenient  angle,  into  one  of  the  oar 
veins  and  aspirate  the  blood  Into  it. 

Blood  may  be  obtained  from  a  patient  for  the  aggluti- 
nation reaction,  for  niicroKcopical  examination,  or  for 
culture  experiments,  by  pricking  the  finger  or  the  lobe  of 
the  ear  with  a  sterile  needle,  preferably  a  flat  one  of  the 
*Hagedorn'  tyi)e,  or  with  half  a  nleel  i>en  (nib)  or  a  glass 
jjoint ;  for  disinfection,  the  nkin  may  be  rubbed  with  a 
Uttle  alcohol  or  ether.  The  hlood  may  be  collected  in 
vaccine  tubes,  small  bulbous  tubes  (fig.  0,  p.  •kA),  or  Wright's 
tubes  (fig.  34,  p.  19iJj. 

Organisms,  in  natural  infeciions  in  man^  are  UBually 
present  only  in  small  numbers  in  the  blood,  and  for 
demonstrating  them  by  culture  methods  it  is  necessary  to 
withdraw  2-5  c.c.  from  a  superficial  vein  by  means  of  a 
sterile  syringe  under  aseptic  conditions,  and  to  inaeniirmte 
broth  tubes  or  agar  plates  each  witli  J  c*c.  ol  the  Ijlood. 

Although  the  modoru  methods  nf  isolation  and  cnltivation 
have  rendered  immensG  sorvico  to  bacteriology,  they  hflvr  iilso 
bad  the  etToct  of  diminishing  the  attention  paid  to  the  exact 
morphology  and  biology  of  organisms.  At  the  present  time  there 
is  a  tendency  to  investiguto  bacteria  en  masse  rather  than  to 
study  thcui  as  individual  hviug  forinn-,  iiml  the  following  remarks 
by  Iho  late  Marshall  Ward  ^  may  be  aptly  ipiotctl  in  thi«  connexion: 

*  We  must  remember  that  Do  ]iavy  and  Brefeld  had  airaetl 
at  obtaining  a  single  sporo  isolated  under  the  inicrosco|)e,  and 
tracing  its  behaviour  from  germination  continuously  to  the  pro- 
duction of  spores  a<;aiu  ;  and  when  we  learn  hf>w  serious  were 
the  errors  into  which  the  earlier  investigators  uf  the  uiould  fungi 


Nature,  \\l,  18V7,  p.  455  et  »eq. 
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And  yotifits  fell,  owin^  lo  thoir  failure  to  trace  the  development 
continuously,  from  sporo  to  spore,  and  the  triumphs  obtatnal 
afterwards  hy  the  methods  of  piire  cultures,  it  is  not  difficult 
to  see  how  inconchisive  and  dangerous  all  inferoDce»'a<i  to  the 
morphnlopry  of  such  minute  organisms  as  hactoria  must  Iip  unless 
thp  plant  liaK  been  so  observed.  As  a  matter  of  fact,  tho 
intrtMluction  and  gradual  specialisation  of  Koch's  methoiis  of 
rai>id  isolation  of  colonioH  encouraged  the  very  danjjers  they  were 
primarily  intended  to  avoid.  It  was  soon  discovered  that  puro 
cultures  [Could  be  obtained  ho  readily  that  the  characteristin 
diffurenceB  of  the  colonies  in  the  mass  could  preaumahly  hi>  mailo 
uso  of  for  diagnostic  purposes,  and  a  school  of  Iwicteriolo^^istfl  arose 
wlio  no  longer  thought  it  necessary  to  patiently  follow  the 
l>ehaviour  of  the  single  spore  op  bacillus  under  the  microscope,  but 
regarded  it  as  sufticient  to  descril*  the  form,  colour,  markings, 
and  physiological  changes  of  the  Iwicterial  colonies  themselves  on 
and  in  different  media,  and  were  content  to  remove  specimens 
occasionally,  dry  and  stain  theni^  and  descrtlie  their  forms  and 
si/.es  as  they  appeared  under  these  conditions.  To  the  botanist, 
and  from  tlie  jwint  of  Wew  of  scientific  morphology,  this  mode  of 
procedure  may  bo  comi>ared  to  what  would  happen  if  wo  were  to 
frame  our  notions  of  species  of  oak  or  beech  accordiu;,'  to  their 
l>ehaviour  in  pure  forests,  or  of  ii  grass  or  clover  according  to 
the  apiMifirance  of  the  lields  and  prairies  composed  more  or  less 
entirely  of  it,  or— and  this  is  a  more  apt  comparison,  because  we 
can  obtain  colonies  ^s  pure  as  those  of  the  bacteriologist — of  a 
mould  fungus  according  to  the  shape,  si/e,  aud  colour,  itc.  of  the 
patches  which  grow  on  bread,  jam,  gelatine,  and  so  forth.' 

Examination  tn  the  Frksh   Statr. 

One  essential  procedure  in  the  investigation  of  an 
orgunismiiK  itH.exaniinalton  in  the  frosli  and  living  con- 
dition. Thiti  may  lie  done  by  placing  a  droplet  nf  steril*^ 
wat-or,  broth,  or  jult  solution  on  the  Hlide,  inoculiding  with 
a  trace  of  the  organism  or  growth,  and  covering  with  a 
cover-ghifis  and  examining  microscopically.  The 
Btaiub  and  reageulH  on  the  orgauiyiiis  may  bo  o 


le  action  of      ^J 
bserved  by      ^M 
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the  irrigation  uietbud.  A  drup  of  Lhe  Hl:i.iu  nv  iBugoiiL 
(c,  fig.  20)  is  placed  on  the  alide  a,  just  iii  contat^t  with  one 
margin  of  the  rover-ghiss,  n,  mid  in  driiwM  tlimugh  the 
preparatlou  hy  menus  of  u  smali  piern  ««f  lilter-iHiper,  d, 
placeil  un  the  other  Bide,  a  torn  nuirgin  tnuHiiug  the  film 
of  fluid  at  one  edge  of  Iho  covBr-f^luss. 

Tiie  iilter-paimr  alworbH  the  Huid  from  under  the  cover- 
gloss,  leaving  the  cells  and  other  particleB  Itehhul,  and 
at  the  Hame  time  the  reagent  on  the  opposite  side  Howb 
under  the  cover-glass  to  take  the  place  of  the  absorbed 
fluid.  Afterwards  the  oxceaa  of  the  reagent  or  staui  may 
be  washed  away  by  running  in  water  under  the  cover-glass 
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in  alike  manner.  Care  must  be  taken  that  no  fluid  getflon 
to  the  upper  Hurface  of  the  cover-ghiBB,  which  niust  always 
Ite  kept  dry.  The  advanhige  of  this  method  is  thai  it  may 
lie  applied  while  the  spe<'iHu^u  is  being  examined  under  the 
microscoix),  and  the  action  of  the  reagent  on  a  particular 
cell  or  granule  can,  with  a  little  care,  be  watched.  If  the 
cells  be  large  and  it;  is  desirable  to  avoid  pressure  of  the 
cover-glass,  a  line  hair  or  bristle  may  ]»e  bo  placed  on 
the  slide  that  when  the  cover-gla&a  is  lowered  one  edge 
rests  on  it.  If  the  specimen  has  to  be  kept  for  any  length 
of  time,  the  iihu  of  fluid  will  before  long  e\'aporate  and 
become  dry.  To  prevent  this  a  ring  of  oil  or  vaseline  may 
bo  painted  round  the  margin  of  the  cover-glass  so  as  to 
stsal  it  to  the  slide. 
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iiple  Biethod  for  keeping  orgAniama  under  exmiii- 
01   a  lengthenetl  i>eriod  of  time,  And  ot  watching 
>wth  and  (levelopnient,  in  hy  tbe  use  of  hADgiiig- 
A    ln>l!ow-groun<l    bUlIp   ih    Hterilizt^tl    hy   paBsing 
limeg  throuf^h  tlie  Bunsen  flamep    A  fairly  tlii<*k 
aseline  is  then  painted  round  the  niftrgin  of  the 
A  cover-glass  is    Biinilarly   sterilized  by  passing 
s  times  through  the  Bunsen,  care  being  taken  not 
iufliciently  to  melt  it.     A  droplet  of  acme  sterile 
iium — water,  broth,  wort,  sugar  solution,  itc-  is 
^ed  in  the  centre  of  the  e;cver-glaaB  with  a  sterile 
latinum  needle.     This  droplet  is  then  ino<'ulate(l 
organism  wliich  is  to  be  observed,  care  being  taken 
Id  too  many  organiHms — a  few  isolated  organisma 
11  groups  In  each  field  in  wlint  should  be  aimed  at. 

t^X-X^/Z//^/.5s^S-f^/^^^ 
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often  saves  time  firat  to  centre  the  drop  witli  the  low  power 
before  examining  with  the  iiuinersion  lens  ;  an  ink  or  pencil 
dot  over  tlie  drop  uidw  fofusHin^.  The  light  must  be 
diminished  by  closing  thf*  diaphnij^m,  lowf'riiig  tlie  con- 
denser, iVc.  (p.  124),  iind  ftrtifirial  li^ht  is  generally  prt^fer- 
able  to  dflyliRlit.  The  central  parfs  i«f  tlie  drop  only  should 
i>e  exaiuined,  not  the  margin. 

Instead  of  hollow  Hlides,  various  devices  may  he  employed 
to  form  the  cell.  Metal,  glass,  or  vnlranitc  rings,  or  rings 
cat  out  of  thin  shettt  lead,  {*ardl)oard,  or  two  or  three  thick- 
nesses of  paper  or  filtei'-pa])er  may  be  cemented  on  to  slides 
with  vaseline,  Hollis's  glue,  gold  nize,  or  Canada  baJHani. 

The  only  (certain  method  for  ascertainin;^  whiHher  an 
organism  is  motile  or  not,  often  an  impottant  clue  to  its 
identification,  is  by  the  use  of  Iianginj^-dmpH.  Actively 
motile  organisms  may  frequently  be  met  with  in  a  resting 
stage,  although  still  alive,  and  various  factors  may  bring 
about  this  condition,  buch  as  old  age,  exhaustion  of  nutri- 
ment, excessive  heat  or  cold,  electric  shocks,  and  the  like. 
The  absence  of  moveiiienl  of  an  organism  in  a  sperimen 
prepared  from  an  ordi2iary  culture,  particularly  if  more  than 
a  day  old,  does  not  necessarily  prove  that  it  is  uon-molile. 
A  hanging-drop  should  be  prepared  with  a  nutrient  medium 
(the  best  is  perhaps  glucose  broth)  and  placed  under  con- 
ditions of  temperature  Ac.  favourable  to  the  growth  of  tlie 
organism,  and  examined  after  an  interval  of  an  hour  or  so, 
or  lietter  still  at  intervals  of  half  au  hour  fur  tliree  or  four 
hours.  In  this  time  the  old  cells  will  revivify,  ami  new 
ones  will  have  been  produced,  and  if  the  organism  be  a 
motile  one,  more  or  less  active  movement  of  some  of  tht; 
cells  is  almost  sure  to  be  oljserved.  It  is  necessary  to 
lieware  of  two  fallacies  in  connexion  with  motility — not  to 
mistake  for  it  the  so-called  Brownian  movement,  which  is 
a  vibratory  one  backwards  and  forwards  about  one  point, 
and  common  to  all  line  particles  suspended  in  a  Jluid  ;  ami 


\-2-J 


MA^fUA[.  Ol     jrvCTKiJlnLOUV 


not  to  Ik^  misled  hy  a  tloUtion  of  the  ccIIh  due  t*>  fuireiils 
set  up  in  tli«  fluid  from  some  cause  or  other— all  the 
particlen  then  tending  to  move  in  the  same  direct imt. 

Another  purpose  for  whioli  the  lianging-drop  cultiva- 
tion may  be  employed  \n  that  of  obtaining  a  ])eiHnaneut 
record  of  the  vaiioua  phases  thi'ough  which  an  organism 
may  paHH  (hiring  iLb  development.  IE  a  numher  of  these 
cultivations  be  made,  say  twenty,  in  an  exactly  similar 
manner,  and  afterwards  kept  under  identical  eonilitions, 
and  if  at  the  end  of  every  half-hour  one  of  the  prepara- 
tions be  taken,  its  cover-glass  carefully  removed,  and  the 
droplet  dried  and  stained,  a  permanent  record  4)f  the  Hfe- 
history  of  the  organism  is  obtained  extending  over  ten 
hours. 

Various  more  elaborate  forms  of  cells  for  hanging-drop 
preparations  can  be  obtained,  some  being  provided  with 
inlet  and  exit  tubes  for  the  passage  of  various  gases.  For 
anarrobic  preparations  cells  are  made  having  a  groove  at 
the  iKiltoni  into  which  a  mixture  (►f  pyn»ga][ir  acid  and 
potash  is  introduced. 

The  observation  of  hanging-drop  cultivations  at  blood- 
heat  can  be  carried  out  on  some  form  of  warm  stage. 

lutfriamettar  Films.' — Another  m(:)thod  of  investigating 
Uie  life-history  of  organisms,  especially  moulds  and  pro- 
tozoa, is  by  means  of  interlamellar  films.  A  glass  slide 
H  by  i5  inches  is  sterilixed  in  the  Hunseii  flame,  and  wliilit 
hot  three  small  drops  of  sealing-wax  are  placed  on  it.  si> 
arranged  that  they  form  the  apices  of  an  cfpiibiteral  tri- 
angle, the  side  of  whicli  measures  about  one  inch,  and 
a  drop  of  sterile  nutrient  medium  is  deposited  between 
them.  A  cover-glass  of  about  \\  inch  in  diameter  is  tlien 
sterilized  in  the  Bunsen  flame,  a  droplet  of  a  suit^ible 
nutrient  medium  is  placed  upon  it  and  inoculated  with  the 
organism  to  be  observed,  and  the  prepared  cover-glasa  is 
'  Dcl^pine.  Lnncft,  1891, 1.  June  13. 


TilK   MrOUOSCOPK 


I2n 


picked  np  with  Hteriliz^^d  i'orcoiiH.  invorlHl,  iuid  lowered  on 
to  the  slide.  The  uutrient  medium  is  thuw  contained 
between  the  slide  and  tlie  eover-f^luHH,  and  Uy  iming  a  hot 
wii'e,  and  so  hofteniiif»  Hut  sealing-wax,  it  ean  bo  wjuead  out 
lo  form  as  thin  a  layer  an  desired.  The  [MTparation  is 
kept  in  a  nmist  fdiunilior  to  prevml  cvapiirnfinn  nnil  ran  ln' 
8tu<liHiI  wiien  roiiuirtjd, 

The  Mu'noHcoi'K. 

A  hiicterioloj^ical  niirruscfiiu;  nficml(l  Kti  tjf  tlin  uKiiionibir 
form,  and  hav*>  a  iitt-k-and-pinion  coai'Ke  adjustment  and 
an  efficient  fine  adjustment.  The  stage  should  \te  large 
and  roomy  and  qnitt^  plaiii,  with  two  or  morn  holt^s  ut  itH 
margin  to  receive  spring  dipH  for  fixing  the  slide.     For 
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the  ordinary  examination  of  apefimenH  ii  uuHdianical  stage 
iH  not  needed  ;  it  hampers  that  freedom  of  manipuhvtion 
whi<di  is  HO  uHBful  in  rapidly  loolung  through  a  specimen, 
and  hy  practice  the  fingers  hecoine  eduraleil  to  jterform  the 
finest  movements.  For  some  purposes  a  mechanical  stage 
is  very  useful  — for  Hysteniatically  examining  the  whole  of 
a  Mpecimen,  e.g.  a  blood-filmj  it  is  essential.     A  detachable 
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io  he  preferred  (tig.  22),  flo  that,  if  required,  tlio 
y  be  disencumbered  for  the  examination  of  the 
ed  for  plate  cultivfttiona  Ac,  The  atage  in  best 
\M  of  vulcanite,  which  is  preferable  to  either  glARs 

»*stage  condenaer  is  eBseiitial  for  all  work  in  which 

jers  fire  employed,  and  also  enhftncea  the  value  of 

jra.     It  canaists  of  a  ayatem  of  lenses  l>elow  the 

means  of  whit^h  the  light  is  concentrated  on  the 

t  should  have  a  rack  and  pinion,  or  screw  adjust- 

foeuasing,  and  be  provided  with  some  form  of 

for  modifving   the  light,  preferably  an  ^Iris/ 

the  best  rcHults  the  condenser  muat  be  centred  - 

Idjusted  so  that  its  optical  axis  corresponds  with 

[il  axiH  of  the  objective;  and  for  this  piiri>oae  it  is 

'ovided  with  two  lateral  screws  workhig  at  right 

each   other,    by  means   of  which   its  position 

the  optical  axis  can  be  altered.     In  order  to 


ILLUMINATION  1:^6 

email  diaphragDa,  i.»r  Ijv  racking  down  thu  coinlenser,  or 
IhjUi  ;  while  for  wUiinetl  or  opaque  objects  the  full  apertui'e 
of  the  diti|(liragiii,  or  thereabouts,  may  generally  be  em- 
ployed. It  must  be  remeiubered,  however,  that  the  re- 
solving ixjwer  of  a  lens  (see  below)  is  diminished  by  closing 
the  diaphragm  and  by  throwiiij^  it  out  of  focus ;  the 
ilhimination  tbenlfecomes  '  non-crilieal."  For  line  work,  if 
the  illumination  is  too  intense,  this  should  i>o  diininiHlied  by 
diminishing  the  source  of  light  or  by  interiKising  a  coloured 
screen.  For  this  purpose  Gifford's  screen  is  an  admirable 
one,  consisting  of  a  c(j.11  containing  a  solution  of  uialacliiLe 
green  in  which  is  inserted  a  piece  of  green  signal  glass. 
Coloured  glass  may  also  be  interposed.  The  microHc^tpist 
should  accustom  hiiiiHelf  to  exanune  specimens  liotli  by 
daylight  and  by  artificial  light  ;  lianging-drop  specimens 
are  usually  best  seen  with  the  latter.  For  artificial  light, 
probably  nothing  surpasses  a  paraffin  lamp  with  flat 
wick,  the  edge  of  the  flame  being  always  used,  while  Ut 
obtain  the  best  results  the  mirror  should  be  removed,  and 
the  tiame  used  direct  by  eleviiting  and  tilting  the  niicro- 
8ci.n>e  somewhat.  For  the  llnest  work,  daylight  illumina- 
tion is  inadmissible.  .  An  admirable  form  of  electric  lamp 
is  the  '  Barnard,'  made  by  Messrs.  Swift  &  Son,  the  source 
of  illumination  boing  a  Nernat  lamp.  For  ordinary  routine 
work,  an  incandescent  electric  lamp,  with  frosted  bulb,  or  a 
Nenist  lamp  screened  with  ground  glass,  may  be  used,  or 
an  argand  or  incandescent  gas  burner.  Various  devices 
bave  been  introdm-ed  for  the  employment  of  monochromatic 
illumhiation,  e.g.  t!ie  mercury  electric  hwiip  by  Uariuird. 

Two  eyepieces  are  surtitieni,  and  the  lowtr-p'^wur  ones 
are  to  be  ])refernMl,  such  as  the  h  and  v  of  the  English, 
or  the  2  and  3  of  the  Continental  makers.  Although  in- 
creased maguitication  can  be  obtained  by  the  use  of  a  high- 
ix>wer  eyepiece,  it  is  at  the  exjtense  of  delinitioii,  the  image 
losing    its  sharpness,  Ixjcause  the   eyepiece  magnilies  the 
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image  formed  by  the  objective,  and  iiny  imperfections  in 
the  latter  are  mu.de  more  apparent,  so  that  the  use  of  very 
liigh  eyepieees  ifi  not  to  be  refomnif^iided,  except  with  the 
tiiiGst  lenses ;  moreover,  as  will  be  pointed  out  later,  it  is 
unelesB  to  increase  the  amplitication  beyond  a  certain  point. 

With  regard  to  the  length  of  ihe  tube  of  the  microscope, 
this  differs  in  the  English  and  Continental  fivstems.  The 
btanJard  English  tube-length  is  8*75  inches,  the  Continental 
6*^  inches.  The  latter  is  much  more  convenient  for  working 
jairposes,  hut  the  finest  objectives  are  now  usually  adjusted 
for  the  English  length.  The  tulie  of  the  microscope  is 
generally  provided  with  an  inner,  or  draw-tube,  by  metinsof 
which  its  length  can  l^e  nearly  doubled  ;  this  gives  increj^sod 
amplitieation,  but  at  the  expense  of  definition,  at  legist  with 
the  higher  jxiwers  which  are  corrected  or  adjusted  fur  ii 
definite  tube-length. 

The  lenses  or  objectives  must  next  be  considered. 

For  powers  higher  than  the  i-inch,  or  thereabouts,  it  is 
advisable,  for  many  re^tsons,  to  employ  the  immersion  sys- 
tem of  (^lljectiveK.  With  these  lenses  a  drop  either  of  water, 
in  the  water-immersion  system,  or  of  cedar  oil,  in  the  oil- 
immersion  otie,  is  placed  on  tlie  cover-glasy,  ami  the  objec- 
tive is  racked  down  so  that  its  front  lens  touches  and  is 
immersed  in  either  the  water  or  oil,  as  the  case  may  be.  It 
is  a  good  plan  then  to  raise  the  objective  very  slightly  by 
means  of  the  coarse  adjustment,  still,  however,  keeping  it  in 
contact  with  the  drop  of  water  or  oil.  The  observer  then, 
looking  down  ihe  microscope,  very  cautiously  and  gradually 
racks  down  again  with  the  coarse  udjustmeiit  until  t!ie 
oltjtjct  comes  into  view,  and  finishes  the  focussing  with  the 
line  adjustment.  The  line  adjustment  should  only  be  used 
after  the  object  has  been  brought  into  view  by  means  of  the 
coarse  adjustment.  After  the  examination  has  been  con- 
cluded for  the  day,  tiie  lens  shoubl  be  i-arefully  wiped  with 
a  soft  rag,  or  preferably  with  a  piece  of  soft  Japanese  paper. 


iMjrKnsroN  oiukctives  Ilt 

to  remove  the  wftter  or  oil.  If  the  oil  nhoulJ  hiippen  to 
dry  on  the  lens,  it  may  be  removed  by  wiping  with  u.  Boft 
niK  or  Jft|imiese  paper  iiioiKlened  with  xylol,  quickly  drying 
with  another  rag  or  pai>er. 

The  iuimersion  system  of  objectives  has  many  advanUiges: 
the  la«8  of  light  is  less,  the  distance  between  the  covei'-glass  and 
the  front  of  the  objective — the  working  distance,  as  it  iu  termed— 
is  LTcator,  and  more  can  be  seen  with  an  immersion  lens  tJmn 
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with  a  dry  lens  of  equal  ma^'nifyinij  power.     This  can  be  beat 
illustrated  by  metvns  of  two  bini])le  diagramf*. 

In  tig.  28  let  c  d  loprosent  the  Hurface  of  a  fluid,  either  water 
or  oil,  and  let  a  b  be  drawn  perj^cndicular  U>  this  suHaue,  and 
cuttiug  it  at  If,  Let  t  y  represent  a,  ray  of  light  proceeding  from 
a  rarer  medium,  such  as  air,  into  a  doust^r  one,  water  or  oil.  As 
is  well  known,  this  ray  when  it  enters  either  the  wat<^r  or  the  oil 
doea  not  continue  in  the  same  direction,  but  is  *  refracted  '  or  bent 
nearer  the  perpendicular  a  &,  the  bending  being  more  marked  with 
oil  than  with  water.  Thus  wo  may  suppose  that  the  direction  of 
the  ray  in  water  would  l>e  represented  by  the  lim.^  ft  n\  am 
in  oil  by  the  dotted  line  tj  o.     Conversely,  a  la^  of  light  pivcecling 
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mser  medium  into  a  rarer  is  b^at  iiwaj  frotu  tbc 
lar,  and  the  ray  a  w  ^  in  water,  au(i  oy  in  oil,  would,  on 

Into  air,  proceed  in  the  direction  y  r. 

\2i  (which,  for  convenience,  is  drawn  somewhat  out  of 
let  is  represent  an  ordinary  gk.s8  micro-slide,  x  a  layer 
balsam  in  which  the  object  in  mounttidj  and  covered 
tvor-glass  a,  while  r*  ia  the  objective  with  its  front  lenu- 
jject  be  illtiniinated  by  the  ray  of  light  Y  f/ ;  ^his  on 
le  glaBH  of  the  slide  imd  the  Canada  balsam  will  be 
bsni  neai^r  the  perpendtcidar  and  will  proceed  in  the 
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former  one,  represented  by  the  line  t  w^  and  misses  the  lens  alto- 
gether—the lens  is  unable  to  take  it  up.  If,  however,  we  suppose 
that  our  objective  is  an  oii-immersion  one,  and  that  a  drop  of 
cedar  oil  takes  the  place  of  the  layer  of  air  between  the  covGr-glasa 
and  the  front  lens  in  the  foregoing  example,  then  the  glass  slide, 
Canada  balsam,  cuver-ji^lasH,  cedar  oil,  and  the  front  lens  of  the 
objective,  form  practically  one  medium;  they  all  have  the  same 
refractive  index  and  produce  the  same  amount  of  refraction  or 
bending  in  a  ray  of  li^^'ht.  Therefore  the  direction  of  the  ray 
forms  a  straight  line  in  all  these,  and  the  ray  passes  into  the 
objective  as  is  represented  by  the  broken  line  t — v.  More  impor- 
tant still,  however,  is  that  which  happens  to  rays  which  fall  on  the 
slide  at  a  very  obli(iue  angle.  In  the  same  figure  ffig.  24)  let  ef 
represent  such  a  ray  ;  on  entering  the  slide  it  will  be  refracted, 
and  its  passage  through  the  slide,  balsam,  and  cover-glass  may  be 
represented  by  fk.  As  before,  let  ns  suppose  that  in  the  first  place 
cur  objective  is  n  dry  one,  and  that  we  have  a  layer  of  air  between 
the  cover-glass  and  its  front  lens.  In  this  case,  if  the  angle  whict 
/k  makes  with  the  perpendicular  is  greater  than  about  JJO*^ 
or  40°,  the  ray,  instead  of  emerging  from  the  cover-glass  into  the 
layer  of  air,  is  totally  reflected  by  the  cover-glass  and  pursues  a 
course  roughly  represeuted  by  kVt  so  that  it  never  gets  near  tin; 
objective.  If,  however,  we  employ  an  oil-immersion  objective, 
with  oil  instead  of  air  l>etweon  the  cover-glass  and  its  f rtmt  luns, 
then,  as  before,  the  slide,  balsam,  cover  glass,  oil,  and  frout  lens  of 
the  objective  form  practically  one  homogeneous  whole,  and  the  ray 
e/k't  instead  of  being  totally  reHectcd,  continues  its  coiirso  in  a 
straight  line,  and  is  taken  up  by  the  objective,  as  is  represented  by 
the  dotted  line  k—v'.  Hence  wo  seotbafc  the  siimo  rays  which  are 
unable  to  enter  a  dry  objective  are  taken  up  by  an  oil-immersion 
one,  and  that  an  oil-immersion  lens  can  take  up  rays  which  fall 
on  the  slide  at  a  very  oblique  angle. 

In  order  that  these  obhfiue  rays  may  be  present,  ready  to  be 
taken  up  by  the  oil-immersion  objective,  it  is  necessary  to  employ 
a  sub-stage  condenser.  It  is  only  by  means  of  a  sub-stage  con- 
denser that  a  '  wide-angled  cone  of  rays,'  as  it  is  termed,  is 
obtained.  Hence  to  make  full  use  of  an  oil-immersion  objective 
to  '  get  the  most  out  of  it  '—it  is  absolutely  essential  to  employ 

y 


MAiNUAL  OF   BACTEIUOLOGY 

:e  condetiBer,  and  for  th©  finest  work  a  special  *  oil- 
I  condenser '  ia  employed.  It  will  also  be  obvioua  that 
I  water-immersion  objective  arimits  more  rays  than  a 

does  not  admit  so  many  as  an  oiUimmersioo*  It  must 
I  out,  however,  that  Cannda  balsam,  or  some  uiedium 
a  sam&  or  a  hijjher  refractive  index,  must  be  nsod  for 

to  (jhtain  the  full  advantage  of  the  oil-immersion 
Che  most  aerviceable  oil-immersion  lena  for  general  use 
Qch  (2  mm.)  The  oil-immersion  can  of  course  be  used 
ling  objects  mounted  in  water  Ac,  cedar  oil  being  stiU 
CBD  the  cover-glii5s  and  the  lens.  It  is  to  be  noted 
'  objective  cannot  be  used  as  an  immersion  one,  nor  an 
1  obj&ctive  dry,  the  construction  Mng  different  in 
ases. 

enaea  in  the  objeL'tive  are  formed  by  cementing 
different  liinda  of   glass    in   order  to  correct  for 
1 '  iind  for  *  chromatic  '  aberration.     The  raya  pass- 
gh  the  margin  and  the  centre  of  a  eimple  lens  are 
>ed  at  the  same  point,  and  a  diatorted  imafieiathe 
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power,'  or  the  amount  of  detail  which  can  be  seen.  Thus, 
if  a  number  of  tine  equi-distant  parallel  lines  be  ruled  on  a 
glass  plate,  it  is  impossible  to  see  with  a  dry  lens  more  than 
about  96,000  lines  to  the  inch  as  isolated  lines.  If  more  are 
ruled  they  will  not  appear,  and  practically  nothing  is  visible. 
With  a  water- immersion  objective  it  is  possible  to  see  about 
128,000  lines  to  the  inch,  and  with  an  oil-immersion  as 
many  as  146,000  lines  to  the  inch,  as  separate  lines— a 
clear  gain  in  resolving  power  in  the  latter  case  of  about 
one-half  over  a  dry  lens.  As  it  is  necessary,  in  order  to  see 
such  fine  structures  as  lines  ruled  50,000  or  more  to  the 
inch  must  be,  to  have  considerable  amplification  in  addition 
to  resolving  power,  not  much  is  gained,  in  ordinary  work 
at  any  rate,  by  adopting  the  immersion  system  for  the  lower 
power  objectives,  such  as  the  ^-inch. 

By  the  physical  theory  of  microacopical  visibility,  it  can  be 
shown  that  objects  having  a  diameter  of  less  than  about  0*16/x 
cannot  be  seen  with  the  best  optical  appliances.  If,  theu,  a 
micro-organism  is  less  in  size  than  this  it  could  not  be  seen 
microscopically,  and  this  fact  may  explain  why  it  is  that  in 
certain  undoubted  infective  diseases  no  micro-organism  has  yet 
been  isolated.  Of  the  existence  of  such  '  ultra-microscopic ' 
organisms  we  have  proof.  The  finest  porcelain  filters,  such  as 
the  Chamberland  B,  do  not  allow  visible  particles  to  pass  through, 
yet  in  several  instances,  if  the  infective  material  be  filtered 
through  such  a  filter,  the  filtrate  is  still  infective.  This  is  the 
case  with  the  blood  serum  in  yellow  fever,  Cape  horse  sickness,' 
hog  cholera  and  swine  fever,  in  bird  and  cattle  plagues,  and  with 
the  juice  of  bird  molluscum.  The  organism  of  cattle  pleuro- 
pneumonia is  just  on  the  limit  of  visibility.  The  rabic  and  vac- 
cine viruses  also  seem  capable  of  passing  through  a  Berkefeld  V. 
These  experiments  do  not  necessarily  prove  that  the  organism 
in  all  stages  is   invisible.^     Siedentopf  and   Zsigmondy   have 

*  Journ.  Comp.  Path,  and  Tlierap.  xiii.,  lilOO,  p.  1. 

*  See  Roux,  Bull,  de  VInst.  Past,  i.,  1903.  pp.  1  and  V.t ;  Remlinger, 
ib,  iv..  1906,  pp.  337  and  S85. 
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dtivised  a  method  whereby  ultra-micFoscoplcal  particles  may  be 
rendered  visible,  hut  inasuinch  aa  they  appear  merely  as  luminous 
points,  it  is  qiiostionablo  whother  the  method  will  l>e  of  great 
aervico  in  bacteriolopy. 

There  in  no  r<iiU  necessity  in  bacteriological  work  for 
the  immersion  objective  to  be  provided  with  a  '  correction 
collar.'  The  ' correction  collar'  is  an  additional  screw  in 
the  objective  by  means  of  which  the  distance  between  some 
of  its  constituent  lenses  can  be  altered  to  'correct*  for 
varying  thickne&ses  of  cover-glassttc,  and  though  necessary 
with  the  higher  power  dry  lenses,  it  is  theoretically  un- 
necessary with  the  imntersion  system.  Nevertheless,  as 
alight  variations  do  occur  in  the  various  media,  glass,  oil, 
Ac,  and  tluiy  may  not  form  a  truly  homogeneous  whole, 
for  the  finest  work  the  correction  collar  is  still  desirable. 
So  much  for  the  high-power  olyectives.  As  regards  the 
lower  poweis,  whitli,  of  course,  are  dry,  a  J-iiich  and  a  ^-incli 
are  ones  to  have.  The  ^-ineh  is  a  more  serviceable  lens  than 
the  1-inch,  whicli  is  often  recommended.  A  very  useful 
accessory  is  a  *  double  *  or  *  triple  nasepiece.'  Tliis  consists 
of  a  light  metal  framework,  which  is  attached  to  the  lower 
end  of  the  tube  of  the  micro8co[)e,  on  to  which  two  or  three 
objectives  can  be  Hf lewed.  The  framework  can  he  rotated, 
thus  bringing  each  objective  in  succession  into  the  optical 
axis  of  the  instrument,  and  the  necessity  for  nnnerewing 
and  screwing  on  each  time  an  objective  is  clmnged  is  done 
away  with.  A  microscope  such  as  described,  with  sub-stage 
condenser,  two  eyepieces,  a  fj-inch  and  a  jt-inch  dry  and 
a  ,'T-inch  oil-immersion  objectives,  triple  noaepiece,  itc, 
complete  in  case,  can  be  obtained  for  about  16/.,  and  it  is 
well  to  add  an  extra  pound  or  two  for  superior  finish. 
Both  English  and  CtmLinontji!  firms  supply  microscopes 
arranged  as  indicated,  and  in  this  department  the  English 
makers  hold  their  own. 

The  measurement  of  micro-organisms  is  carried  out  by 
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meiins  of  a  stage  or  of  nn  eyepiece  micrometer.  The  former 
consists  of  a  scale  of  tenths  and  hundredths  of  a  millimetre 
or  hundre<lths  and  thousandths  of  an  inch  ruled  in  fine  Hues 
on  a  glass  plate,  by  means  of  which  tho  meaeurements  can 
be  made  by  focussing  the  scale  under  the  microscope.  A 
useful  adjunct  is  a  disc  of  glasti  ruled  with  equidistant  fine 
lines,  which  can  be  placed  in  the  eyepiece,  the  value  of 
these  divisions  being  ascertained  by  means  of  the  stage 
micrometer.  The  stage  micrometer  is  then  removed  and 
the  object  to  he  measured  put  in  its  place,  and  its  dimen- 
sions determined  by  means  of  the  eyepiece  scale.  With  tlie 
eyepiece  micrometer,  the  value  of  the  divisions  is  first 
ascertained  by  means  of  the  stage  micrometer,  which  is 
then  replaced  by  the  object.  If  the  objective  or  the  eye- 
piece be  changed,  the  value  of  the  divisions  of  the  eyepiece 
scale  in  both  cases  will  be  altered^  and  must  again  be 
determined  hy  means  of  the  stage  micrometer.  The  unit 
for  microscopical  meaeurement  is  the  micron  (sometimes 
erroneously  termed  a  micro-millimetre),  which  measures 
one-thousandth  of  a  niillinietre,  or  ^ijnVxrii  of  iin  inch,  neiirly, 
and  is  designated  by  the  sign  ft. 

If  a  micrometer  is  not  available,  rongli  mcusuromenta 
may  be  carried  out  by  comparison  with  a  red  blood -corpuscle. 
The  majority  of  the  red  corpuscles  of  normal  human  blood 
measure  7"5  ^  in  diameter. 
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^m      ftnd  these  terms  have  now  to  a  larj^e  extent  Inaen  ^ven  up. 

B       Excluding  individual  susceptibility,  the  relative  infectivity 

of  a  disease  probably  depends  on  three   factors:  (1)    the 

Iconttigion  is  freely  given  off  aerially  and  is  not  destroyed 
thereby,  (2)  the  conta};^ou  gains  access  by  the  respiratory 
tract,  and  (3)  the  relative  virulence  of  the  contagion  ;  in 
some  inst-inces  the  smallest  amount  of  the  contagion  ia 
sutiicienl  to  infect.  If  the  contivgion  can  gain  access  only 
through  a  wound  or  the  digestive  tract,  the  chances  of 
infection  may  he  largely  reduced.  In  certain  instances 
infection  in  conveyed  by  an  intermediary,  e.g.  the  mos- 
quito in  malaria,  and  in  such  cases  infectivity  will  ob- 
^K  viously  depend  on  the  presence  and  abundance  of  the 
H  intermediary.  Infection  is  manifestly  a  part  of  the  whole 
^M  subject  of  parasitism,  which  includes  the  animal  and 
^V  vegetable  parasites  which  develop  in  the  animal  body. 
V  If,  however,  the  subject  of  parasitism  is  considered  more 
closely,  it  will  l»e  seen  that  there  is  a  vast  difference 
lietween,  say,  a  condition  caused  by  the  ecliinococcua  or  by 
the  roundworm,  in  which  the  effects  are  largely  mechanical 
and  in  which  relatively  little  poison  is  produced  by  the 
parasite,  and  the  disease  diphtheria  caused  by  the  dii)h- 
theria  bacillus,  in  whicli  the  diphtheria  batilii  have  little 
or  no  action  mechanically,  but  elaborate  virulent  chemical 
poisons  which  cause  a  general  intoxication.  Some  para- 
sites also  may  produce  a  (jeneral  infection,  e.g.  anthrax, 
others  only  a  local  infection,  e.g.  ringworm. 

Parasites  may  therefore  be  divided  into  infective  and 
non- infective,  though  tht^re  is  a  series  of  coniiecting  links 
l)etween  these,  and  the  two  groups  cannot  be  sharply 
separated.  The  infective  jyarasites  are :  (1)  vegetable 
micro-organisms,  chiefly  bacteria,  a  few  yeasts  and  some 
moulds ;  (2)  many  protozoa :  and  (8)  a  few  metazoa, 
generally  worms.  The  non-in/eciive  parasites  are  the 
animal  parasites  generally,  particularly  many  worms. 
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The  production  of  the  phenomena  of  disesBc  Ly  patho- 
genic organisms  lias  been  ascribed  to  (1)  the  using  up  of 
the  oxygen  which  should  go  to  tho  tissueH  :  (2)  tlie  using 
up  of  the  proteins  of  the  body  and  of  the  food  ;  (3)  the 
effects  of  piuf^ging  of  the  vessek  by  the  microbeH  ;  and  (4)  the 
effects  of  substances  or  *  toxins,'  having  a  poisonous  action, 
formed  by  the  microben.  Of  these,  the  lirst  three  are  quite 
subsidiary,  embolism  and  thrombosis  l>eing  perhaps  the 
mowt  im[)ortant,  and  tlie  Loxiiis  are  tho  vhwt  fartors  which 
induce  the  pathogenic  effects.  These  toxins  are  substances 
of  a  very  complex  composition,  probably  allied  to  the  pro- 
teins ;  in  some  instances  they  seem  to  be  of  the  nature  of 
enzymes  or  ferments,  and  they  are  direct  products  of  the 
bacterial  cells.  The  toxins  of  most  pathogenic  organisms, 
e.g*  typhoid,  cholera,  plague,  &c.,  are  more  or  less  integral 
parts  of  the  bacterial  cells ;  they  are  *  eudoloxina/  and  are 
not  excreted  to  any  extent  into  the  surrounding  medium, 
A  few  organifimK,  notably  Baciflus  diphthf.ria'  and  BnvlUiin 
tetaniy  produce  extra-cellular  toxins  whicli  are  found  in  the 
culture  liquid.  Tho  toxins  are  classified  by  Sidney  Martin  * 
as  follows  : 

^1)  Poisons  produced  by  the  digestive  or  the  destructive 
action  of  bacteria  on  proteins  in  the  culture  medium. 
Examples  of  these  are  the  poisons  of  the  Bacillm  anthracis 
and  of  the  pus-producing  staphylococci. 

(2)  Poisons  which  are  the  result  of  the  digestive  or 
destructive  action  of  biicteria  on  proteins  but  formed  as  an 
excretion  (the  toxin)  of  the  bacterium.  The  Bacillus 
diphtherice  is  the  beat  example  of  this.  A  similar  com- 
bination of  poisons  is  found  in  snake-venom. 

(3)  Toisons  which  are  excretions  onl}',  such  as  those 
produced  by  the  tetanus  bacillus. 

(4)  Poisons  which  are  typical]}'  intra-celhilar,  but  which 
nniy  also   be   excretory.      The   poisons   produced   liy    the 
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typhoid  ImrilluK,  the  Bacillus  colly  iLe  Bacillus  enterltidis 
of  Gaertner,  and  the  cholera  vibrio  belong  to  this  group. 

The  Infectivb  Process. 

With  regard  to  the  pathogenic  organisniB,  or  disease 
germs.  Koch  has  laid  down  the  following  conditions,  which 
have  been  termed  *  Koch'a  postuLites,'  which  must  be 
complied  with  before  the  relation  of  an  organism  to  a 
disease  process  can  be  said  completely  to  be  demonstrated  : 

(1)  The  organism  in  <iuestioji  uiunt  be  present  in  the 
tissues,  fluids,  or  organs  of  the  animal  affected  witb,  or 
dead  from,  the  disease. 

(2)  The  organism  must  be  isolated  and  cultivated  out- 
side the  body  on  suitahle  media  for  successive  generatioiiH. 

(3)  The  isolated  and  cultivated  organism,  on  inocula- 
tion into  a  suitable  animal,  should  reproduce  the  disease. 

(4)  Iti  the  imtculuted  animal  the  .same  organism  must 
be  found. 

To  these  may  be  added  : 

(5)  Chemical  products  with  a  similar  physiological 
action  should  be  obtainable  from  the  artificial  cultures  of 
the  mii-ro-orgftuisni,  and  from  the  tissues  of  man  or 
animals  dead  of  the  disease. 

(6)  A  specific  serum  reaction,  agglutuiative  or  bacterio- 
lytic, or  both,  is  generally  obtainable,  under  certain  con- 
ditions, if  the  blood  of  the  infected  person  or  animal  be 
allowed  to  act  on  the  specific  organism  producing  the 
infection. 

It  is  true  that  one  or  more  of  these  conditions  may  not 
be  fulfilled  in  all  cases,  but  on  general  evidence  the  disease 
is  classed  as  infective.  This  is  the  case  in  leprosy,  for 
example  :  the  Bacillus  leprtc  cannot  be  inoculated  into 
animals  (with  the  exception,  perhaps,  of  apes),  and  it  is 
doubtful  if  it  can  be  cultivated,  and  in  rabies  the  organism 
is  quite  unknown. 
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tiodes  of  infection,  or  entrance  of  the  infective 
J  the  body,  are  varied.  The  infective  ugent  may 
—  (1)  the  gastrO'inteatinal  tract,  e.g.  typhoid, 
,nd  gliinders  ;  (ii)  the  respiratory  tract,  e.g.  pneu- 
[i  influenza,  and  occaaionaily  typhoid,  plague,  kc, ; 
oenlation,  not  necessiirily  only  of  the  Bkin^  but 
le  mucous  membranes,  e,g.  the  septic  diseases, 

tetanuB,  ifec.  The  extreme  infeetivity  of  some 
-e.g.  variola^  scarlatina,  influenza,  &c, — may  be 
3  fact  that  infection  takes  place  by  the  respiratory 
L  certain  instancefi  the  infection  is  conveyed  in 
cial  way,  e.g,  by  mosquitoes  in  malaria  imd  in 
ret.  Nor  18  infection  necessarily  confined  to  one 
ntrance  ;  in  plaffue,  for  example,  infection  by  the 
mmonest,  but  it  in  not  infrequent  by  the  respira- 

may  occur  by  the  digestive,  tract.  The  infecting 
y  remain  localieed,  giving  rise  to  a  local  in/cetiort, 

b^widesurea^tbrougj^h^bodv^^gg^iCggu 
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Another  reniHrkable  property,  and  one  of  considerable 
importance  in  immunity,  conferred  by  tlie  injection  into  an 
animal  of  complex  substances,  such  as  bacterial  toxins, 
bacteria,  blood-corpuscleR,  cells  and  cellular  proteins^  fer- 
ments, iVc,  is  the  development  of  noti-lHulies.  Thus  an 
animal  injected  with  sub-lethal  dosen  of  a  bactorial  toxin, 
such  as  diphtheria,  acquires  a  tolerance  tcwards  the  toxin, 
b€x^omeK  immunised,  and  a  substance  is  developed  in  the 
blood  that  antagonises  the  toxin  which  wtis  injected  ;  this 
substance  is  kjiown  as  antitoxin.  If  bacteria  be  injected, 
the  fresh  blofid  in  r/'/n^has  a  Knlvent  action  on  tlii*.  bacteria 
(bacteriolysis)  ;  if  blood-corpusclen  be  injected,  the  blood 
has  a  solvent  action  on  the  blood-corpuscles  (hir!nolysis) ;  if 
cells  be  injected,  the  blood  has  a  solvent  action  on  the  cells 
(cytolysis),  and  so  on.  If  ferments  be  injected,  anti-fermenla 
are  formed  and  will  prevent  the  specific  action  of  the  fer- 
ment. With  doubtful  exceptions,  it  is  only  complex  bodies 
of  protein  nature,  or  allied  to  the  protBins,  wliich  give  rise 
to  the  production  of  anti-bodies  on  inoculation.  Any  sub- 
stance which  gives  rise  io  an  anti-body  may  be  termed  an 
'antigen.'  These  anti-bodies  lVc.  may  first  be  considered, 
after  which  immunity  will  be  discussed. 

Antitoxins. — The  aiili-ljodies  produced  by  the  inocula- 
tion of  an  animal  with  bacterial  toxins  or  toxic  proteins  (e.g. 
ricin,  abrin,  and  snake-venom]  are  known  us  antitoxins,  and 
are  of  considerable  practical  im[>ortance.  An  animal 
injected  with  increasing  amounts  f)f  the  toxin  actpiires  a 
high  degree  of  immunity,  and  its  blood  serum  injected  into 
a  second  animal  confers  on  the  latter  a  similar  immunity 
against  the  toxin  with  which  the  first  animal  was  injected, 
but  not  against  other  toxins;  tlie  serum  is  specific.  The 
anti-serum  formed  by  the  injection  of  toxin  is  antitoxic  and 
not  anti-microbic,  and  the  diphtheria  bacillus  will  grow  and 
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multiply  in  diphlheria  antitoxin.  Since,  however,  such  an 
orgjinisui  hh  i\\v  diphllieria  or  tlie  tetanus  bftcillus  produces 
ita  patliofienii'  effects  throiiRli  the  toxin  which  it  forms,  the 
antitoxin  will  munlonu-t  the  effei^ts  of  the  micro-organism 
aH  wel!  as  of  its  toxin.  The  neutralization  of  the  micro- 
organiwui,  however,  may  not  bo  quite  t-oiuplete,  a  certain 
aiiiount  of  local  reaction  or  necrosis  ensuing. 

Antitoxins  are  prepared  by  injooting  animals— prefer- 
ably horses,  hut  f^'oats^  rahlnts,  ^-c.  may  also  be  employed — 
with  l>acterial  toxins  or  living  or  dead  cultures. 

With  those  organisms  wliich  produce  powerful  toxins, 
Buch  as  diphtheria  and  tetanus,  it  is  custoratiry  to  grow  the 
orgaiiiHrn  in  a  Huid  medium  so  tliat  an  active  and  virulent 
toxin  is  obtained.  The  culture  is  then  filtered  through 
a  Horkefeld  or  Fasteur-Cbamherland  filter  and  the  toxic 
filtrate  inoculated  subcutaneously  into  an  animal,  generally 
a  horse,  commencing  with  small  quantities. 

The  dose  of  toxin  can  be  gradually  increased,  and  con- 
currently with  the  increase  in  insusceptibility  the  blood 
serum  ac{[uires  antitoxic  properties.  The  treatment  is 
tedious  and  the  activity  of  the  antitoxic  serum  is  de- 
pendent upon  tlie  amount  and  jictivity  of  i\\a  toxin 
injected.  The  requisite  degree  of  strength  having  l>een 
attained,  tlie  horse  is  hied  with  aseptic  premutions,  the 
blood  allowed  to  coagulate,  and  the  fierum  dra\^'n  off  and 
bottled  for  use.  Besides  the  iluid  serum,  a  dried  product 
is  prepared  by  evaporaliiig  the  serum  to  dryness  in  raciw 
at  40'  C.  (10  c.c.  serum  =  1  gram  dry  residue),  and  a  con- 
centrated form  maj*^  be  obtained  by  precipitation. 

The  mode  of  production  of  the  antitoxin  by  the  injection 
of  the  toxin  has  been  the  wultject  of  various  theories.  By 
some  it  has  been  supposed  that  the  antitoxin  is  modified 
toxin,  the  modification  bemg  brought  about  by  the  vital 
activities  of  the  cells.  But  the  amount  of  antitoxin  pro- 
duced does  not  necessarily  betu*  any  relation  to  the  quantity 
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of  toxin  injected.  Woodhead  records  instances  in  which  the 
amount  of  antitoxin  formed  amounted  to  40,000  tiraes  the 
equivalent  amount  of  toxin  injected,  and  aubstiunres  whicli 
increase  the  secretive  proiiertiea  of  glandular  cells,  such  as 
pilocArijine,  enormously  increase  the  output,  so  to  speak,  of 
antitoxin. 

In  view  of  these  facts  Ehrlich  has  elahorated  his 
•side-chain  theory,'  a  theory  which,  whether  it  be  the 
real  explanation  or  no,  has  received  a  conHiderahle 
amount  of  experimental  support,  and  lias  had  far-rearhtng 
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l'''lO.  SS. — DUOKAM   TO  REfKFJlENT 

THE     CKl.r.     WITH     ITtt     VAIIIODH 

CoMni?(iNii   Oitnt'i's    or   Stdk- 

t  MAINK.        jAder  EHftl.Ii  H.) 


Fio.  26.— Finar  Htaok  ra 
Antitoxin  Fokuatios, 
(Black  ^Tuxin  molecule.) 
(After  KnitLRii.) 


effects  in  stimiihiting  research.  Ehrlich  believes  that  the 
chemical  activities  which  are  the  manifeHtations  of  the  vital 
activities  of  the  llvin<(  cell  are  due  to  a  very  large  nucleus 
or  chemical  luolecnle  having  a  ring  stiueture,  aniilo^^tius  to 
the  benzene  ring,  and  having  attached  to  it  a  number  of 
atomic  groups  or  '  side-chains.'  A '  side  chain  '  is  an  atomic 
group,  a  carbon  atom  of  whii^h  is  linked  to  one  of  the  carbon 
atoms  in  a  ring.  These  atomic  groups  or  Hide-chains  are 
unstable  in  nature,  and  enter  freely  into  combination  with 
other  suitable  groups  should  these  bo  presented  to  (hem, 
and  thus  the  physiological  activities  of  the  cell,  assimila- 
tion, nutrition,  &c.,  are  carried  out  (iig,  25).     Now  Ehrlich 
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stimulation,  as  it  were,  the  cell  commences  to  form  the  par- 
ticular siJe-chaius  in  excess  of  that  needed  to  repair  the 
defect  creattd,  ami  ultimately  these  side-chains  are  repro- 
duced in  Buch  munhers  that  they  can  no  longer  remain 
attached  to  the  cell  but  become  free  in  the  plasma  (tig.  29). 
These  side-chains,  detached  from 
the  cell  and  jioating  free  in  the 
blood-stream^  constitute  the  anti- 
torin.  This  excessive  pntdtu-tion 
of  side-chains  after  slimuUitiou  by 
repeated  injections  of  toxin  is  not 
a  phenomenon  confined  to  anti- 
toxin formation,  but  is  a  general 
physiological  law  enimciated  by 
Weigert ;  as  a  result  of  repeated 
stimulation,  over-production  or 
over-compensation  is  the  rule. 

The  toxin  molecule,  according 
tu  Ehrlich,  possesses  at  leant  two 

tixative  atomic  groups  or  side-chains.  Chie  of  these,  the 
*  haptophore  group/  uotiditiona  the  union  oE  the  toxin 
molecule  with  ceIl-iuoto[dasm  ;  the  other,  the  *  toxophore 
group,*  conditions  its  loxit-  actioiK  Similarly,  in  order 
that  the  cell  may  sufTer  the  full  effect  of  the  action  of 
the  toxin,  it  also  must  possess  two  rei^eptive  groups  or 
side-chains  having  a  maximum  iitlinit}'  for  the  haptophore 
and  toxophore  groups  of  the  toxin  ;  these  may  be  termed 
the  '  receptor  '  and  '  toxophile  '  groups  respectively  (tig,  30). 
The  relationship  of  each  tixative  group  uf  the  correspond- 
ing groups— viz.  that  of  the  toxin  and  that  of  the  side- 
chains  of  the  cell — must  be  of  the  most  intimate,  and 
analogous  to  the  rcLitions  to  each  other  of  a  male  and 
female  screw  (Pasteur)  or  of  a  lock  and  key  (E,  Fischer). 
The  existence  of  both  haptophore  and  toxophore  groups 
iu    the    toxin    molecule    is    suggested    by   the    following 


Pia.       29.— ForCTH       Staob 
IS    Antitoxin     Foiimatios. 

SuiE-CUAlN,    I.E.    AnTITOXIK, 
KIIKE  IN  TBK  BloOU.      (AftCr 

Ehuuch.) 
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experiiuentB.  If  tetaims  toxin  be  injected  into  the  hlood- 
stroam  of  an  nnimul  it  rapidly  disappenrs,  within  a  few 
8et*oud8  of  the  injection,  and  oven  if  the  animal  be  at  once 
bled,  the  blood  withdrawn  being  replaced  by  fresh  blood, 
tetanuB  easuef^,  but  not  till  after  the  lapse  of  an  incubation 
period  of  some  bourn.  The  letanun  loxiu,  therefore,  imme- 
diately becomes  fixed  or  anchored  to  the  tissues  of  the  central 
nervous  HyHtem.  Evidently  the  loxui  molecule  enters  at 
once  into  conibinalkm  witb  the  nerve  tissues  bv  means  of 


Vm.   30.— nUOIUMJIATIC  St  HEME   TO  UEPHIiBENT  TUE  DxiON  OK  ToXIN    (BlJirH) 
WITH  TlIK  CkLL. 

In  a  the  toxia  i»  attacbed  to  t)ie  protoplasm  by  the  union  of  the  baplo- 
phore  aiul  receptor  gnnijis.  In  b  tlio  loxophoro  find  toxophile  groupB  have 
ulso  united,  and  poUoninK  now  ensues. 

its  haptophore  group  ;  this  after  a  time  brings  the  cells 
within  the  sphere  of  influence  of  the  toxophore  group,  and 
after  a  certain  incubation  period  toxic  symptoms  ensue. 
The  alhnity  of  the  tetanus  toxin  for  the  nerve  tissues  may 
be  shown  in  another  way.  If  tetanus  toxin  be  emulsified 
with  fresh  j^ninea-pif^  brain,  the  emulsion  will  be  found  to 
be  innocuouH  on  mjection  owing  to  a  combination  between 
the  two  iiaving  taken  place.  The  cerebral  cortex  of  a 
highly  susceptible  aninial  (e.g.  mouse)  has  a  marked  neu- 
tralizing power,  of  a  less  susceptible  animal  i^e.g.  rabbit, 
fowl)  a  feebler,  and  of  an  insusceptible  animal  (e.g.  frog, 
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tortoisfil  no  neutralizing  power.'  Moreover,  both  diphtheria 
and  tetunus  toxins  may  Reconverted  into  non-toxic  modifica- 
tions Avhich  to  some  extent  retain  their  power  of  imniunizing 
on  inoculation  and  of  combining  with  antitoxin :  that  ta 
to  Bay,  according  to  Khrlich,  t!ie  toxophore  j^oupe  have 
been  destroyed  while  the  haptophore  groaps  remain  an- 
uffected.  It  is  the  presence  of  thi»  haptophore  j^onp 
which  conditions  the  union  of  toxin  with  antitoxin.  Thus, 
if  toxin  be  injected  into  blood  containing  antitoxin,  the 
haptophore  groups  of  the  toxin  unite  with  the  free  re 
ceplor  groups,  i.e.  with  the 
antitoxin  (fig.  81),  and  there- 
fore the  toxophore  groups  can- 
not exert  their  inlluence  because 
the  toxin  is  now  unable  to  unite 
with  the  protoplasm,  its  hapto- 
phore or  binding  groups  being 
already  occupied. 

In  a  poisonous  toxin,  such 
as  diphtheria  or  tetanus  toxin,  f<*»-  si.  —  HKxmxur^noy  or 
the  toxophore  group  la  more  BLoon.  (After  Khm.k-h.) 
readily  destroyed  Ihan  the  hap- 
tophore group,  and  by  heating  a  toxin  for  some  time  to 
60'-70'  C.  its  toxicity  is  destroyed,  bat  it  still  retains 
an  affinity  for  antitoxin.  If  some  antitoxin  be  mixod 
with  such  heated  toxin  it  will  be  found  that  the  capjicity 
of  the  former  for  neutralizing  toxin  is  much  diminished 
—  in  other  words,  although  the  toxophore  groups  of  the 
toxin  have  been  destroye*!,  the  binding  or  haptophore 
groups  still  remain.  Toxin  -whicii  bus  been  kept  for 
Bome  time  decreases  in  tc^xicity,  but  retains  the  power  of 

'  Thecombinntioiiof  bmin  matter  with  Utunuj*  toiio  Bf*e[nkto  b«  spooiAc 
and  of  the  same  order  r»  that  between  antitoxin  an<l  toxin.  9ce  Noon, 
Joum,  of  Hug.  vii..  1£K)7.  p.  101.  nnd  Besredkn  ami  Borrlet.  Ann,  de  VlfuL 
Past,  xvii.,  1903. 
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[ng  with  antitoxin,  again  shewing  that  haptophore 

ing  groups  are  present  (such  derivatives  of  toxin 

ig  haptophore  groups  have  been  termod  '  toxoids  '). 

lann  and  Bnick  have  shown   by  some  ingenious 

[ents  the  existence  of  the  second  stage  in  antitoxin 

viz.   the  increased  production  of  receptors  by 

Ls.      Using  tetanus    toxin   which   had    been   kept 

ie  time  and   had  lost  its  toxicity,  but  which  still 

with  antitoxin— that  is,  toxoids  with  haptophore 

'ere  still  present  — they  found  that  on  injecting  it 

lals  710  antitoxin  was  formed  as  a  result  of  the  in- 

They  then  performed  some  experiments  based  on 

^wing  line  of  reasoning  :    If  the  old  non-poisonous 

Itoxin  containing  these  toxoids  he  first  injected  into 

|ialj  and  after  a  ehort  interval  some  fresh,  actiA'ely 

LS  tetanus  toxin,  more  of  the  active  toxin  ought  to 

|red  to  kill  this  animal  than  a  normal  one,  because, 

the    previous   toxoid  injection,  part  of  the  cell 
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active  tetanus  toxin.  It  whs  found  that  much  more  toxin  was 
requiretl  to  kill  this  aniuml  than  a  nonnal  jruineu-pi^  of 
equal  size.  If,  on  tlie  contrary,  an  interval  of  one  to  three 
days  were  allowed  to  elapHe,  it  was  then  found  that  a  dose 
of  tetanus  toxin  which  would  not  even  tetaiiize  a  normal 
Kuinea-pig  was  sufficient  to  kill  this  one. 

The  fact  that  no  antitoxin  is  fortued^ — i.e.  no  reL-tsptors 
are  thrust  oflf— on  the  injeclion  of  the  non-poisonous  toxin  or 
toxoid  "Wasserniann  aserihes  Ui  tbt?  luck  of  stimulus  which 
he  suggests  resides  hi  the  toxophore  groups. 

The  slow  combination  of  tlie  liaptopliore  and  receptor 
groups  has  been  proved  hy  VVassermann  in  another  way. 
The  researches  of  Meyer  and  Ransom  have  shown  that 
tetanus  toxin  is  absorbed  hy  the  nerve  trunks »  not  by 
the  blood  and  lymph  eharinelH,  wliile  tetanus  antitoxin  is 
absorbed  by  the  latter  -  the  blood  and  lymph  channels. 
In  adrenalin  we  possess  a  substance  which  is  uble  strongly 
to  contract  the  capillaries,  and  thus  to  block  blood  ab- 
sorption in  n  particular  area.  The  following  experiment 
was  devised  :  Tetanus  toxin  and  antitoxin  were  mixed  in 
such  proportions  thut  the  mixture  was  entirely  innocuous 
to  animals,  i.e.  it  was  just  neutral.  If  this  mixtiu'c  were 
injected  into  the  hind  paw  of  a  guuiea-pi^s  no  tetanus 
developed.  When,  however,  some  adrenalin  was  injected 
into  the  hind  jmw  of  a  siniilar-si/.ed  guinea-pig,  and  a  f*iw 
minutes  allowed  to  elapse  so  that  the  capillaries  could 
contract,  and  then  the  mixture  of  toxin  and  antitoxin 
injected,  typical  tetanus  was  produced.  What  happened 
was  this— the  channel  of  absorption  for  the  tetanus  aiUi- 
toxin  had  been  blocked,  while  that  for  the  toxin,  the  nerve 
path,  was  open.  The  toxin-antitoxin  combinnlion  had, 
therefore,  become  dissociated,  and  the  toxin  travelled  alon^^ 
the  nerves  to  the  central  nervous  system,  where  it  produced 
tetanus. 

The  experiment,  however,  succeeds  only  within  a  certain 
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period,  not  exr^eetling  an  hour  after  mixture  of  the  toxin 
iuul  antitoxin,  because  after  thia  tho  toxin-untitoxin  com- 
Iniuition  becomes  a  stable  one. 

If  a  longer  time — siiy  three  or  four  hours — is  flUowed 
to  elapHe,  it  will  be  found  that,  even  in  the  adrenalin 
animal,  no  tetanus  ia  produced,  because  by  this  time  the 
combination,  previously  a  loose  one,  is  so  fh-iti  tluit  the 
substances  can  no  longer  be  torn  apart.  This  union  can 
he  hastened  by  employing  more  t-etanus  antitoxin,  for 
with  an  exL^ess  of  antitoxin,  even  after  only  half  an  hour, 
it  IB  imiiossible  by  means  of  adrenalin  to  loosen  the 
tetanus  toxin.  This  experiment,  therefore,  shows  that  the 
tetanus  toxtn  antitoxin  combination  is  at  first  a  loose  one, 
and  that  tlie  union  l^emnies  firmer  and  firmer  with  time. 
It  also  sufjgeats  the  possibility  of  hastening  the  combination 
by  imn-easinf;  the  dose  of  antitoxin,  a  point  of  considerable 
practical  vahie  in  serum  therapy. 

The  above  consideratians  are  of  importance  in  the  antitoxin 
treatment  of  disease.  Antitoxin,  in  the  strict  sense,  is  not  anti- 
microbic,  and  therefore  antiseptic  treatment  of  the  throat  in 
diphtheria,  and  of  the  wound  in  tetanus,  should  be  pursued.  The 
fact  that  the  toxophore  group  of  the  toxin  does  not  come  into 
action  as  a  rule  for  many  hours  at  least  (an  exception  is  snake- 
venom)  is  ji  fortunate  coini-idcnce,  nllowin^  us  to  adopt  antitoxin 
treatment  before  tissue  dama;^e  has  Ofcurred.  Antitoxin  cimnot 
repair  tissue  damage  if  this  has  been  pr(wluced  by  the  toxin,  but 
it  can  and  does  prevent  the  occarrence  of  further  damage  by 
neutralizing  any  fresh  amounts  of  toxin  that  may  be  absorbed. 
llence  the  necessity  for  early  treatment.  Toxin  already  anchored 
to  the  tissues  by  its  haptophore  group  may  be  withdrawn  from 
them  if  a  viultiplc  ol  the  simple  neutralizing  dose  of  antitoxin 
be  injected,  ami  the  quantity  necessary  to  accomplish  this  rises 
rapidly  as  the  interval  belweon  the  introduction  of  the  toxin  and  of 
the  antitoxin  increases;  hence  the  necessity  for  tliu  use  of  anti- 
toxin in  large  excess.  Probably  the  union  liot'^ecn  tissue  and 
toxin  at  first  is  a  loose  one,  and  a  large  amount  nf  antitoxin  by 
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moss  action  transfers  the  affinity  of  the  toxin  Iroiii  the  tissue  io 
itself. 

An  essential  condition  in  antitoxic  treatment  is  tbe  ad- 
ministration of  a  sufficient  amount  of  anti-s^rum,  and  this  does 
not  depend  on  the  actual  volume  of  serum  injected.  The  anti- 
serum m&y  be  regarded  as  a  solution  containing  a  variable  auiouni 
of  the  antitoxic  or  anti-microbic  constituent,  and  for  therapeutic 
use  its  strength  must  be  ascertained,  and  is  for  convenience 
described  in  arbitrary  units,  the  units  varyiug  (or  different  sera. 

Tbe  dose  of  antitoxiu  is  dependent  upon  the  gravity  of  the 
disease,  and  not  on  the  age  of  the  imtitint,  for  a  ah'ght  considora- 
tion  will  show  that,  just  as  much  toxin  may  be  formed  in  a  child 
aa  in  an  adult.  The  antitoxins  are  strictly  apecific ;  diphthfTia 
antitoxin,  for  example,  has  not  the  slightest  influence  in  tetanus. 

To  obtain  an  immediate  reaction  to  antitoxin  it  should  be 
adminifttered  intravenously.  A  subcutaneous  injection  may  not 
be  completely  absorbed  for  two  to  three  days. 

In  cases  of  mixed  infection,  e.g.  where  diphtheria  bacilli  ure 
associated  with  streptococci  or  siaphylococci,  tbe  diphtheria  anti- 
toxin will  have  no  influence  on  the  streptococcic  or  staphylococcic 
infection. 

The  complications  and  accidents  of  antitoxin  treatment  are 
few  and  usually  unim])ortant.  Abscess  and  other  local  troubles 
at  the  seat  of  inoculation  should  not  occur  if  proper  antiseptic 
precautions  be  taken.  Urticaria  or  other  rashes  and  joint  pains 
are  by  far  the  moat  troublesome  complications.  These  are  due  to 
tbe  injection  of  a  foroi^^'n  serum,  and  not  to  the  antitoxin,  for  the 
serum  of  an  untreated  horse  produces  a  like  effect.  Repeated 
injections  of  serum,  if  a  certain  interval  intervenes  between  the 
injections,  may,  however,  be  followed  by  disturbance  or  eveu  j^rave 
symptoms  of  collapse,  due  to  what  bcis  been  termed  '  supersensita- 
tion,'  and  the  course  of  events  which  follows  the  administration  of 
two  suitable  injections  of  horae-seruni  dithers  from  the  seriuence 
after  one  administration,  e.g.  in  the  early  appearance  of  rash,  Ac' 

Anti-sera  may  bo  used  as  prophylactics,  but  the  immunity 
produced  by  them  does  not  last  more  than  three  weeks. 

'  See  Carrie,  Joum.    of  Hyg.  vii.,   11)07,  p.  Gl  ;  GoocUIl,  16.  p.  007 
OrUnbnum,  ib.  viii..  190H,  p.  9. 
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iouH  hvimtheses  have  been  advanced  to  explain  the 

in  which  toxin  is  neutraliaed  by  autitosin.'     Roux 

liehner  suggested    that   the   antitoxin  in  some  way 

the  cells  and  tissues  insusceptible  to  the  toxin,  and 

^r  i>ei'formed  exi)eriments  showing  that  while  mice 

ire  suaceptible  than  guinea-pigH  to  tetanus  toxin,  a 

toxin-antitoxin  mixture  which  m  juat   neutral  for 

diatinetly  toxic  for  guinea-pigs. 

explain    this   Ebrlich   suggested    that   there    may 

ient  in    a    toxin    solution,  not   only  the    toxin,   hut 

[rivatives,   toxoids,   and  toxones  (see  p.  257),   that 

a   toxic  action    on    the    guinea-pig   but  not  on 

[fie,     Madsen  and  Dreyer  showed  that  a  mixture  of 

'ia  toxin  and  antitoxin  which  is  innocuous  to  guinea* 

subcutani^ous  inoculations  is  leUitil  to  rabbits  on 

nous  injection,  and  this,  too,  Ehrlich  explained  in  a 

manner.    Morgenrotli,  howeverj  bus  shown  that  the 

in  the  lalLcr  case  deuenda  on  ttn.^  n 
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ttll  of  which  combine  with,  though  they  have  different  affini- 
ties for.  the  nntitoxin. 

Arrhenius  and  Madsen,  however,  beUeve  that  the  toxin- 
antitoxin  reaction  is  analogous  to  the  action  of  an  acid  on 
an  alcohol,  and  that  the  cherairul  laws  of  mass  action 
apply  equally  to  the  two.  The  chief  reaction  is  considered 
to  be  between  two  BiihatanceH  only,  toxin  and  antitoxin, 
that  it  is  reversible,  and  that  wlieii  the  sybtem  haa  reached 
equilibrium,  a  fraction  of  toxin  and  also  of  antitoxin 
remain  free,  this  fraction  of  toxin  jirodnpinpj  the  '  toxone 
effect'  (see  p.  258).  If  eijuivalent  ipuuitities  of  acetic  acid 
and  alcohol  are  mixed,  the  reaction  is  never  complete  ;  the 
acid  and  alcohol  never  entirely  disappear,  because  the  water 
formed  reacts  with  the  ethyl  acetate,  reconverting  it  into 
acid  and  alcohol.  Such  a  reaction  is  termed  reversible,  and 
this  particular  case  could  be  thus  represented : 

CH3.COOH  +  C,H,.OH;!CH,.C00C,H,  +  H,O. 

Bordet  has  suggCHted  that  the  fixation  of  toxin  by  anti- 
toxin is  nn  adsorption  phenotnenon,  Kiinilar  to  the  tixation 
of  a  dye  by  a  tissue. 

These  hypotheses  may  now  be  examined  more  in  detail. 
Ehrlich  s  experiments  ^  on  diphtheria  toxin  seemed  to  show 
that  the  neutralization  of  toxin  by  antitoxin  follows  the  laws 
of  simple  chemical  combinations,  such  aH  the  neuti'alization 
of  a  strong  base  (NaOHy  by  a  atrong  acid  (IICI).  If  so,  it 
would  be  expected  that  antitoxin  would  neutralize  pro|H)r- 
lionate  amomits  of  toxin;  but  this  is  not  so,  and  Ehrlich 
was  forced  to  the  conclusion  that  toxin  is  a  complex  mixture 
of  proto-,  deutero-,  and  trito-toxin,  and  toxone,  with  different 
toxicities  and  different  avidities  for  antitoxin.  Moreover, 
when  toxin  is  kept  it  decreases  in  toxicity,  though  stiil  re- 
taining much  of  its  avidity  for  antitoxin.  Ehrlich  assumed, 

'  Sec  Trans.  Jeiiner  Inst,  l^rcv.  Med.  ii.  p.  1 ;  Crootiian  l^ct.,  Hoy. 
Soc,  Land,  IIMX) ;  and  Htfs.  pp.  150  and  257. 
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therefore,  that  the  toxin  becomes  tninsformed  iuto  sub- 
stances termed  toxoids,  which  Hre  non-toxic  but  retain  their 
affiiiiiy  for  antitoxin.  This  he  explained  as  due  to  destruction 
of  the  unstable  toxophure  groups,  with  the  retention  of  the 
more  stable  haptophore  j^oups.  That  the  neutralization  of 
toxin  by  antitoxin  is  due  to  ii  cliemical  combination  between 
the  two  beema  to  be  proved  by  the  work  of  Martin  and 
Cherry.  Brodie,'  and  Martin  and  Cherry/^  making  use  of  a 
Chamberland  filter,  the  pores  of  which  had  been  rendered 
very  tine  by  saturating  with  gelatin,  found  that  toxin  would 
pass  through  such  a  lilter  but  that  antitoxin  would  not, 
presumably  because  its  molecule  is  much  larger.  By  mix- 
ing diplitheria  toxin  and  antitoxin  in  such  proportion 
that  the  latter  was  in  suDicient  quantity  to  neutralize  the 
toxin,  and  Kubjeiting  the  mixture  to  filtration  through  a 
gelatin  lilter,  the  filtrate  was  found  to  be  non-toxic.  Now 
since  toxin  can  pass  through  such  a  filter,  the  inference  is 
that  the  toxin  had  combined  with  the  antitoxin.  Using 
Bnake-veuom  and  its  anti-serum  or  unti  venin,  another 
method  was  employed.  The  anti-venin  is  destroyed  by 
heating  to  (58^  C,  for  ten  minutes,  while  the  toxic  properties 
of  the  venom  are  unaltered  by  this  trentment.  By  making 
niixtureh  of  venom  and  unli-venin,  and,  after  a  certain  time 
has  elapsed  for  the  interaction  to  take  place,  hejiting  to 
fiS*^  C.  for  ten  minuteB,  it  was  found  that  the  mixture  is 
non-toxic,  pointing  to  the  combination  of  the  toxin 
(venom)  with  the  antitoxin  (anti-venin).  Calmette  had 
performed  the  same  experiment  but  with  a  ditlerent  result, 
finding  his  mixtures  still  loxic  after  healing.  Calmette, 
however,  treated  his  solutions  almost  immediately  after 
mixing,  and  Martin  and  Cherry  point  out  that  a  certain 
time  must  be  aUowed  to  elapse  foi'  the  interaction  to  take 
place,  and  noted  that  moderate  warming  hastened  it,  as  is 

'  Journ.  of  Vath.  and  lUut.  1897,  p.  4G0. 

'  Vroc.  lioy.  Soc.  Lond.  vol.  Ixiii.,  1S9S,  p.  421). 
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the  case  with  all  chemical  iuleraclionti.  For  instance,  they 
found  that  one  mixture  of  venom  and  anti-venin  allowed 
to  interact  for  twa  minutes,  tjve  minutes,  and  ten  minutes 
before  heating',  killed  the  animals  in  thirteen  hours,  iiEteen 
hours,  and  twenty- three  hours  resiieelively  (the  control 
animal  with  the  same  dose  of  venom  died  in  nine  lioura), 
hut  after  fifteen  minute's  the  same  mixture  rendered  the 
animal  ill  hut  it  survived,  wliile  after  thirty  minutes  no 
toxic  symptoms  ensued. 

At  one  time  it  was  staled  that  hy  electrolysis  of  toxin 
small  amounts  of  antitoxin  are  formed,  hut  this  is  very 
questionable.^  Elactrolysis  destroys  the  toxicity  of  toxins 
by  the  production  of  acids,  chlorine,  and  hypochlorites. 

Ehrlich's  views  have  been  opposed,  principally  on  physico- 
chemical  grounds.  Thus,  Danysz  observt'd  that  if  ricin  or 
diphtheria  toxin  be  brought  int3  contact  with  its  corresponding 
anti-body,  the  degree  of  neutralization  depends  on  the  manner  of 
mixture.  If  the  toxin  be  added  to  the  antitoxin  in  two  fractions 
allowing  a  considerable  time  to  elapse  bi*tween  the  additions,  the 
mixture  contains  a  much  larger  amount  of  free  toxin  than  is  lue 
case  when  the  whole  (and  same)  amount  of  toxin  is  added  at 
once  to  the  antitoxin.  This  phenomenon,  known  as  the  'Dan^sz 
effect,'  seems  incxpHcable  if  toxin  and  antitoxin  have  relations 
the  same  as  a  strong  baso  and  a  strong  acid. 

Arrhenius,  Dreyer,  and  Modsen  maintain  that  the  phenomena 
observed  in  the  toxin-antitoxin  reaction  are  explicable  on  the 
hypothesis  that  the  rate  of  reaction — avidity — of  the  toxin  de- 
creases as  antitoxin  is  added,  that  the  interaction  is  a  slow  one, 
and  that  different  fractions  of  the  toxin  are  progressively  neutral- 
ized by  the  added  antitoxin,  but  more  and  more  elowly.  On 
these  grounds  they  consider  that  there  is  no  reason  to  regard 
the  diphtheria  poison  as  a  highly  complicated  body.  Whereas 
Ehrlich  considers  the  toxin  and  antitoxin  to  combine  with  great 


*  See  Smimow.  Brrt.  Klin.  WikH.  iStM,  No.  30,  and  18fl5,  Noa.  30 
«od  31  ;  Krfiger,  Deutsch.  Med.  Woch.  1895.  No.  21;  Meade  Helton  and 
Pr»se,  J&um,  of  Exper.  Med.  i..  1890,  p.  537. 
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lalogouB  lo  the  coLikbina.tion  of  a  strong  base  with  n 
d,  e.g.  NaOH  with  HCI,  these  critics  believe  the  avidity 
io  for  toxin  to  be  feoble,  analogous  to  ih&  combltiailon 
ia  with  boric  acid,  in  which,  as  more  and  more  acid  is 
G  amount  of  free  ammonia  ilecroaiiiiiB,   but  more   and 
*'ly,  in  CDrre^poTidence  with  a  hyperbolic  carvt:.     The 
a  can  bo  calculated  according  to  the  law  of  'mass  action/ 
g  an  eijuilibrium  between 

Free  NH,       Free  HaOjB  _  j^  (NH.H^OjB)^ 
yoL        '          vol.                           voL 

Is  the  oonBtimt  of   dissociiition.      The  curve  of  the 
tion    of    tetanolyein    by    anti-tetanolysin    corresponda 
fictly  to  the  ammonia-boricacid  curve. 
iaa  on  Ehrheh'a  views  the  combination  of  toxin  and 
would  be  represLDted  by  a  straight  line  and  the  crude 
18  to  be  composed  of  a  whole  series  of  diBTcreDt  toxins 
ances  having  an  avidity  for  antitoxin,  on  this  hypothesis, 
the  greater  part  oE  the  toxicity  of  toxin  is  removed  by 
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that  tberu  is  some  doubt  nttachinr^  to  AtThenius's  ctilciilabions. 
Accordin;;^  to  Cmw,  the  two  siibstauces  most  tboroughly  investi- 
gated by  Arrheniua  ftiid  Madseo,  diphtheria  toxin  and  totanolysin, 
do  not  admit  of  sufficiently  exact  determinatk  n,  the  former 
because  of  the  uncertainty  attaching  to  aniiual  experiuientH,  the 
latter  because  tetanulyHin  is  u.  moat  untitable  body.  Working 
with  a  more  stable  substance,  niegateriolysin,  be  hoUk  that  the 
Arrheniua  and  Madaen  e<tuation  does  not  apply.  Again,  on  the 
addition  of  a  small  amount  of  antitoxin  to  toxin  tberu  is  no 
decrease  in  toxicity  (as  noted  hy  Ehrlicb  and  attritmtGd  by  liiiu  to 
the  presence  of  toxoid)  as  there  sbo\iId  lie,  anrl  Arrhcnius  was 
thus  forced  to  the  conclusion  that  a  aecond  subatanco,  epitoxonoid, 
is  preaent  with  the  toxin  in  diphtheria  toxin.  Craw  denies  that 
the  toxin-antitoxin  reaction  ia  revfrsible,  believes  that  antitoxin 
must  be  regarded  as  a  colloid  (and  act  in  true  solution),  that  the 
mixture  therefore  is  heterogeneous,  not  homogeneous,  and  that 
the  chemical  law  of  mass  action  is  not  applicable. 

On  the  other  hand,  Craw  utaintains  that  the  phenonhena  of 
the  toxin-antitoxin  reaction,  including  tbo  iJtiuya/  effect,  have 
their  counterpart  in  adsorption  phenomena^  such  as  occur  in  the 
staining  of  jmper,  porcelain,  <tc.  with  anilin  dyes,  in  the  ab- 
sorption of  substances  by  collnids  Ac,  Thna,  when  solutions  of 
arsenious  acid  are  shaken  up  with  c^Oloidal  ferric  hydroxide, 
a  portion  of  the  arsenic  is  taken  up  by  the  ferric  hydroxide  and 
a  portion  remains  in  solution.  Moreover,  more  arsenious  oxide 
is  taken  up  by  the  ferric  hydroxide  from  dilute  than  from  con- 
centrated solutions;  this  has  its  counterpart  in  agglutination. 
Again,  when  an  antitoxin  is  added  to  a  toxin  in  just  suf^cient 
amount  to  produce  a  non-toxic  aolution,  the  amount  of  toxin 
which  must  then  be  addud  to  constitute  a  fatal  dose  is  greater 
than  the  minimal  lethal  do^e  without  antitoxin.  This  is  also  fcnmd 
tn  be  the  case  with  ferric  hydroxide  and  arsenious  acid  ;  if  ferric 
hydroxide  and  arsenious  acid  are  mixed  so  as  to  form  just  a 
ctn- toxic  mixture,  the  amount  of  arsenious  acid  which  must 
then  be  added  to  render  the  mixture  toxic  is  gi^eatcr  than  the 
toxic  dose  of  arsenious  acid.' 

'  Soe  Findljiy,  Physkal  CJttmitlry  and  ita  AppliMtion*  in  Medical  and 
Biological  Sci^-nce,  1905. 
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Arrbenius '  has  recently  replied  to  Craw's  criticisms  main- 
t&iniag  the  correctness  of  his  own  interpretation,  so  that  the  final 
settlement  of  these  divergent  views  must  be  left  for  future  research. 

The  antitoxic  constituent  of  antitoxiu  seems  to  be  a  protein 
body,  probably  allied  to  globulin,  and,  as  already  mentioned,  the 
globulin  content  of  the  blood  of  an  animal  treated  for  antitoxin 
production  increases  in  some  cases,  Ti/zoni,  by  precipitating  the 
antitoxic  serum  by  saturation  with  magnesium  sulphate  at  30°  C, 
obtained  the  antitoxin  in  the  precipitate.  Brieger  and  Boer' 
found  that  by  adding  i  grama  of  potassium  chloride  or  iodide  to 
10  c.c.  of  the  antitoxic  stTum  diluted  with  an  eijual  volume  of 
distilled  water  and  dissolving,  then  adding  4  to  5  grams  of  finely 
powdered  sodium  chloride  and  keeping  the  mixture  at  80°  to 
Hl°  C.  for  eighteen  to  twenty  houra,  tho  antitoxic  constituent  was 
precipitated  with  a  slight  admixture  of  other  protein  and  salts; 
the  dried  precipitate  from  10  c.c.  of  aonim  weighed  0'  I  gram.  By 
precipitating  the  protein  matter  in  the  serum  with  a  dilute 
solution  of  basic  load  acetate  to  which  a  trace  of  ammonia  had 
been  added,  filtering,  saturating  the  filtrate  with  ammonium  sul- 
phate, filtering,  re-dissolving  the  precipitate,  dialysing  and  drying, 
a  light  powder  was  obtained  which  contained  the  antitoxic  con- 
stituent ;  from  10  c.c.  of  diphtheria  serum  0'0l>  gram  was  obtained. 

Lastly,  by  diluting  10  c.c.  of  the  antitoxic  serum  with  five 
times  its  volume  of  water,  and  adding  20  c.c,  of  a  1  per  cent, 
solution  of  zinc  sulphate  or  chloride,  Brieger  and  Boer  were  able 
to  precipitate  the  antitoxin  as  a  zinc  compound.  The  precipitate 
is  dissolved  in  feebly  alkaline  water  (one  drop  of  normal  soda 
solution  to  20  c.e.  of  water)  and  a  stream  of  carbon  dioxide  gas 
passed  through  the  solution.  The  antitoxin  is  found  in  the 
solution  when  the  original  precipitation  has  been  performed  with 
zino  chloride,  but  is  entangled  in  the  precipitate  of  zinc  carbonate 
when  zinc  sulphate  has  been  used. 

Anti-microbic  Sbra. — If  an  animal  be  injected  with 
increasing  dosea  of  bacteria,  care  l>eing  taken  to  keep 
below  a  lethal  dose,  the  animal  becouies  gradually  accus- 
tomed  to  the  microbe  and  ultimately  acquires  a  high  degree 

'  Jouni.  of  Hjfgiefu,\m,,  1908,  p.  1.      •  ZeiUchr.    .     yg.  xxi.,  1896,  p.  269. 
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of  imraunit^',  so  that  it  is  unaffected  by  rtmounts  which 
would  inffillihly  kill  nn  nntrented  aiiiuial.  Moreover,  the 
l)lood  serum  of  Buch  a  treated  animal  if  injected  into  a 
second  animal  will  protect  the  hitter  against  a  few  letlial 
doses  of  the  microhe,  but  not  a^^ainst  a  lar^e  amount. 
Nor  is  the  protection  afforded  proportional  to  the  amount 
of  serum  injected  ;  for  example,  if  0002  c.c.  of  anti-cholera 
sernm  will  protect  against  2  mgrm.  of  living  cholera 
culture,  three  times  as  much,  or  0*00(>  c.v,  of  the  serum, 
will  not  protect  against  0  mgrm.  of  cholera  culture,  and 
when  a  certain  dose  of  the  culture  is  reached  no  amount  of 
serum  will  save  the  animal.  The  mode  in  which  the  serum 
acts  may  be  studied  microscopically.  If  cholera  anti- 
serum and  cholera  culture  he  injected  into  the  peritoneal 
cavity  of  a  guinea-pig,  and  if  the  peritoneal  contents  he 
examined  at  abort  intervals  afterwards,  it  will  be  found 
that  the  vibrios  first  lose  their  motility,  then  become 
distorted  and  globular,  undergo  solution,  and  finally 
disappear.  The  protection  affordtid  by  the  anti-serum  is 
therefore  due  to  the  destruction  of  the  microbes  by  solution, 
the  process  being  known  as  bacteriolysis,'  atul  the  bodies 
which  bring  it  almut  being  termed  bacterinlysins.  The 
reaction  is  known  as  *  PfeifTer'a  jihenomenon  *  or  reaction, 
from  its  discoverer.  If  the  serum  and  the  microbes  be 
mixed  //*  vitro  the  latter  are  unaflfected  ;  apparently, 
therefore,  some  constituents  of  the  living  body  in  addition 
to  the  anti-serum  are  necessary  for  the  solution  of  the 
microbes.  But  in  1895  MetchnikotT  showed  that  the  re- 
action would  take  [)lace  in  vitro  provided  that  some  of  the 
fresh  peritoneal  exudate  of  a  normal  guinea-pig  wore  added 
to  the  mixture  of  anti-serum  and  microbes.  The  same 
year  Bordet  found  that  the  addition  of  the  peritoneal 
exudate  was    unnecessary  provided    the    anti-serum    were 

'  On  Bftcteriolvsia  we   Graber.    Harlten   Lectures,  Jonrn.  Sfnte  Med. 
1D02,  Febrnurj,  March,  and  April. 
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fresh.  These  experiments  prove  thut  the  solution  of 
obes  is  brought  about  by  the  interaction  of  at  least 
Unees^  one  of  which  is  present  in  the  fresh  aernm 
he  living  body,  but  is  unstable  and  rapidly  dis- 
fram  the  serum,  the  other  a  relative  stable  body 
1  during  the  process  of  inoculation.     The  former, 
iIjK'  body  present  in  the  normal  animal,  is  usually 
complement  *  (Ehrlich  and  Morgenroth),  *  alexin ' 
r  and  Bordet),  or  *addiment*;    while  the   stable 
^nt    produced    by  inoculation    is    known  as  the 
ptor '  (Ehrlicb),   'immune    body/    'intermediary/ 
r  '(Gruler), '  hxateur  '  (Metehnikofif),  or  '  subetunce 
Patrice '    (Bordet).     These   considerations   suggest 
nation  of   the  fact  that  anti-microbic  serum  will 
[B   but   (I    limited   uinounfc  of  living  culture— viz. 
rtuin  amount  of  complement  iti  present  in  the  body, 
n  this  has  been  used  up  no  further  bart^nolyais 
I-.    Anti-flfirn  for  the  treatment  of  cholera,  typhoid, 
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The  fluid  in  the  peritoneal  cavity  is  then  examined  micro- 
scopically half  to  one  hour  after  the  injection,  and  if  the 
reaction  be  positive  the  organisms  will  be  found  in  all  stages 
of  degeneration,  being  mostly  converted 
into  spherules.  In  this  case,  according  to 
Pfeiffer,  the  organism  is  to  be  regarded  as 
belonging  to  the  same  species  as  that  by 
means  of  which  the  imiiiunization  of  the 
animal,  from  which  the  blood  serum  was 
obtained,  was  carried  out.  If,  on  the  other 
hand,  the  reaction  be  negative,  the  organ- 
isms are  unaffected  after  being  in  the  peri- 
toneal cavity  for  an  hour  or  so,  and  the 
organism  is  then  considered  to  be  different  f,o.  82.  -Diaobaw 
in  species  from  that  us^d  for  the  itumimi- 
zation.  Pfeiffer's  reaction  ban  been  chiefly 
made  use  of  to  differentiate  the  cholera-like 
spirilla  from  true  cholera  vibrios  and  the 
memliers  of  the  typhoid -colon  group  from 
one  another. 

The  destruction  of  the  bacteria  by  bac- 
teriolysis is  regarded  by  some  as  being  brought  about  by 
osmotic  changes,  by  others  by  processes  analogous  to  diges- 
tion. During  bacteriolysis  the  specific  immunising  sub- 
stances and  anti-bodies  are  used  up,  and  for  the  lysis  of 
a  given  quantity  of  bacteria  a  certain  amount  of  immune 
serum  is  necessary,  while  after  lynis  bus  taken  place  the 
latter  loses  the  power  of  dissolving  bacteria.  The  same 
holds  good  for  haemolysis,  and  the  facts  relating  to  bac- 
teriolysis and  htpmolysis  are  almost  interchangeable. 

Method  of  Applying  P/eifer^s  Tteaction. — For  Pfciffer's  test, 
the  organism  must  be  virulent,  and  a  high-grade  iiunume  serum 
is  necessary.  If  the  organism  is  not  virulent,  it  is  Bpontaneously 
destroyed  in  the  peritoneal  cavity  without  the  addition  of  iiumune 
scrum.      The   uietbod   may  be   best   explained   in   the   case   of 
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a  vibrio  supposed  to  be  the  cholera  vibrio.  The  cholera-irarmme 
serum  (obtnined  from  a  horse  repeatedly  injecte'l  with  cholera 
culture)  should  possess  a  titrt;  of  not  Il^bs  tbiu  00002  c.c,  i.e. 
this  amount  of  Rorum  mixed  with  one  loop  (2  mgrm.)  of  an  eighteen- 
hour  agar  cholora  culture  (virulent)^  suspended  in  1  c.c.  of  broth, 
nnd  iujected  into  the  peritoneal  cavity  of  a  small  giiinea-pig  should 
niUBt*  granular  degeneration  and  hftctoriolyais  of  the  vibrioH  within 
one  hour. 

Four  mixtures  are  made — (a)  one  loop  of  an  eighteen-hour 
agar  culture  of  the  vibrio  to  be  tested,  0*001  c.c.  cholera-immune 
serum,  suspended  :n  1  c.c.  of  broth;  (/>)  the  same  as  (a),  but 
0*002  c.c.  cholera  serum  :  {c)  the  same  as  (a),  but  0001  normal 
serum  of  an  animal  of  the  same  species  as  that  furnishing  the 
cholera  serum;  (d)  one-quarter  loop  of  the  vibrio  in  1  c.c.  ci 
broth,  as  a  control  of  the  virulence  of  the  culture.  These  mix- 
tures are  then  iriject.^d  into  the  |)eritoneaI  cavities  of  four  guinea- 
pigs  of  about  2;10  grams  weight  each.  At  intervals  of  thirty  and 
sixty  minutes  lianging-drop  preparations  are  made  o[  the  perito- 
neal iluid  of  each  animal,  tlie  iluid  being  obtained  by  inserting  a 
capillary  pipette  through  a  minute  incision  in  the  akin.  In  the 
guinea-pigs  injected  with  [a)  and  \b),  if  the  organism  be  cholera, 
the  vibrios  should  show  marked  degenerative  changes  within  sixty 
nainutes,  while  (c)  and  {(/)  will  show  plenty  of  active  vibrios.  If 
the  organism  be  non-virulent,  two  methods  no  ay  be  adopted  for 
applying  the  PfeifTer  reaction.  The  first,  a  microscopical  or 
direct  method,  is  carried  out  by  microscopical  examination  of 
hanging-drop  specimens  of  the  organism  suspended  in  a  drop  of 
the  immune  serum  to  which  a  trace  of  fresh  peritoneal  Huid  (com- 
plement) is  added,  1(  the  organism  is  homologous  with  the 
immune  serum,  the  bacteria  are  soon  transformed  into  granules. 
Controls  are  put  up  at  the  same  time  with  a  known  sLraiu  of  the 
organism  with  (1)  its  homologous  immune  serum  -f  complement, 
(2)  non-immune  serum  of  the  same  animal  -f  complement ;  also 
of  the  organism  being  ttdted  with  non  immune  serum  +  comple- 
ment. The  peritoneal  Huid  luaybe  obtained  by  injecting  .'t-4  c.c. 
of  broth  into  the  peritoneal  Huid  of  a  guinea-pig  and  foar  hours 
later  withdrawing  the  fluid  (now  turbid  with  leucocytes)  and 
centrifugalizing,  or  allowing  it  to  stand  on  ice  for  twenty-four 
hours. 
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In  the  second,  or  huHreci,  method,  the  organisiu  is  used  to 
prepare  au  immune  serum  by  injecting  an  animal  (e.g.  a  rabbit) 
with  it,  and  the  immune  serum  so  prepared  is  tested  on  a  known 
virulent  strain  in  the  peritoneal  cavity  of  guinea-pigs  in  order  to 
ascertain  whether  or  no  it  brings  about  bacteriolysis,  i.e.  the 
Pfeiffer  phenomenon. 

Deflexion f  Deviation^  Diversion,  m- Block iJUf^ of  ComplenienL — 
Pfeiffer  in  1H95  observed  that  a  hrrgr  amount  of  immune  Hortim 
might  not  protect  an  animal  from  the  cholera  vibrio^  while  n 
smaller  amount  wltli  the  game  dose  _ 

of  vibrio  did  so.  In  1901  Neisser 
and  Wechsberg  dcmoustrated  an 
analogouH  reaction  in  vitro.  They 
Htudied  the  effect  of  a  bacieriolytic 
immune  serum  when  varying 
amounts  of  the  inactivated  serum 
were  employed.  The  (juanlity 
ranged  from  0-0005  c.c.  to  1  c.c. 
To  each  of  these  amounts  constant 
volumes  of  normal  serum  and 
1)acterial  suspension  were  added. 
No  bacteriolysis  occurred  when 
large  and  small  amounts  of  im- 
mune serum  were  used,  but  with 
me<iium  amounts  bacteriolysis  was 
oonipleto.  They  explained  this 
anomalous   reaction,  the  absence 

o(  bacteriolysis  with  lanje  amounts  of  immune  serum,  as  follows  : 
When  the  amboceptors  are  in  large  excess,  a  portion  combines 
with  the  complement,  leaving  some  amboceptors  free,  and  these 
free  amboceptors  then  unite  with  the  receptors  before  the  acti- 
vated amboceptors  (amboceptors  -|-  complement)  do,  and  thus  the 
oomplcment-ambocGptor  groups  are  rendered  inert.  The  reaction 
is  represented  diagrammatically  in  fi;^.  88.  Arrhenius,  however, 
does  not  accept  this  explanation.  He  says :  *  If  we  have  the 
compounds  ea  and  ab  which  may  combine  to  form  the  compounrl 
eabf  the  fonnaiion  of  the  latter  do^iends  wholly  upon  whether  n 
has  a  greater  nfHnity  tor  ab  than  for  a.     If  not,  then  cat  ' 


FlO.  33. — DUOBAM  TO  REPnESKST 
THK  COXDITIOK  or  THR  Br/lOIi  IN 
WmCH   THKKE    IS     AS     EXCESS     OF 

A-MUocEiTonM.  Thk  Ajiaot'KpTom* 
(whitf)  uxrTK  wiTii  BOTH  Co>r- 
rhKMViNT  (i*lack)  and  Hsokitoiui 

(l»OTTEI»).  **"  THAT  Tlir  IlKrKP- 
TORH  t'ANNOT  COMBINK  WITH 
Tl  I K        AsiUOCKPTOB-OoSI  TLKM  KNT 
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formed,  even  if  a  is   not  present  in  bxoosh. 
e  =  microbe,  b  =  complement.) 


(a  s  amlKxteptor, 


AaORBSBIXB. 

Bail  during  the  In-st  two  or  three  years  han  discussed  the 
qiieHtion  of  the  relationship  hetween  bacteriolysis  and  immunity. 
He  argues  that  there  is  apparently  little  relationship  between  the 
bactericidal  properties  of  the  body  fluids  and  the  immunity  of 
an  animal  to  infection  through  bacfceriolj^tic  processes;  and 
points  out  that  in  rabbits  immunised  against  anthrax  there  is 
DO  bacteriolytic  power,  the  bacteria  disappearing  gradually  as  the 
result  of  phagocytic  action  o£  cells,  chiefly  marrow  cells  ;  that  a 
comparison  of  the  sera  of  sheep,  rabbits  and  cattle  shows  great 
variation  in  their  content  of  immune  body,  though  the  animals 
are  almost  equally  susceptible  to  anthrax  ;  and  that  in  test-tube 
experimentH  a  bacteriolytic  serum  is  blocked  when  the  comiitions 
are  approximated  to  those  in  the  liody  by  tht*  addition  of  body 
cells  to  the  mixture,  the  bactericidal  properties  of  the  serum 
diHappoiir  or  are  greatly  inhibited.  Kruse  suggestetl  that  for 
infoctiou  to  take  place  thH  invading;  bacteria  must  ".'Irtbanite 
chemical  substances  which  so  act  on  the  cells  and  fluids  of  the 
invaded  animal  that  they  overcome  its  natural  resistance  against 
infection.  These  substances  are  considered  by  him  and  liail  to 
be  distinct  from  the  toxins  and  are  teruied  by  these  writers 
'aggressins.' '  The  aggtessius  are  supposed  to  be  secreted  by 
the  living  uninjured  bacteria  and  not  to  be  extracts,  nor  derived 
by  solution,  of  the  bacteria  ;  they  occur  particularly  in  the  fluids 
of  pathological  o*demaH  and  exudates,  and  may  be  obtained  from 
these  by  ceutrifugalizatioD  and  sterilization  at  low  teniixjratures. 
Ltail  believes  that  the  aggrossins  cannot  be  anti-complements, 
anti-immune  bodies,  &.c,,  but  are  substances  heret^ifore  unrecog- 
nized and  the  active  substances  of  the  infection,  and  he  considers 
that  iu  order  to  produce  true  immunity  in  diseapc  anti-aggrossin 
sera  mu»t  be  prepared.  The  following  are  some  of  the  properties 
of  these  supiMJsed  aggressins  :  (1)  sterilized  aggressin  with  a  nou- 

•  See  Gruff./.  Itakt.  Orig.  xlii.,  liWO.  pp.  51,  IHU,  241,  336.  437,  and 
546.  Also  ati  exoellent  summary  by  Mftrahall,  Philippine  Joitm.  of 
Scienct,  ii..  1U07.  p.  363. 
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letlml  (lose  of  the  correapooding  organism  renJere  the  latter  fatal ; 
(2J  aggressin  alone  is  only  slowly  toxic,  producing  a  prolonged 
illness  with  emaciation  preceding  death ;  (S)  inoculation  of 
aggressin  with  bacteriolytic  serum  into  the  peritoneal  cavity  sur- 
l^ends  the  action  of  the  latter;  (1)  aggressin  with  bacteria  block 
phagocytoMiK.  r>ail  believes  tliat  the  aggreasius  pnnnoto  infection 
l»y  interfering  with  the  protective  7nochanism  of  the  infected 
animal,  pardcnlarly,  if  not  solely,  by  inhibiting  phagocytosis. 
Upon  the  power  to  produce  a^f^rensin  Hall  has  clansified  bacteria 
into  (1)  true  parasites  whieh  always  produce  aggressin,  e.g. 
anthrax  and  chicken  cholera;  (2)  half-parasites,  the  aggressin- 
producing  power  of  which  is  variable,  e.g.  typhoid,  cholera, 
dysenter}',  and  plague;  {H)  saprophytes.  The  virulence  of  an 
organisuj  does  not  coincide  with  aggressivity,  :uid  extremely 
virulent  bacteria  may  be  half-parasites, 

Jiairs  hypotheses  have  been  much  criticised,  particularly  by 
Wassermann  and  Citron,  and  it  is  tjuestionalde  whether  aggressins 
in  nail's  sense  exist.  The  writer  inclines  to  the  view  that  the 
aggressins  are  identical  with  the  true  endotoxins  of  micro- 
or^nisras. 


HjiiMOLysifl.' — Some  blood  sera  possess  marked  powers 
of  dissolving  the  red  blood-corpuscles  of  another  species, 
and  of  setting  free  their  coutjiiaed  hipuaoglobin  (e.g.  goat 
serum  dissolves  rftbhits'  and  guinea-pigs'  corpuscles),  and 
if  an  animal  be  injected  with  the  blood-corpuscles  of 
another  species  its  blood  serum  generally  acquires  the 
property  of  dissolving  the  blood-corpUHcIes  with  which  it 
has  been  injecited.  For  example,  the  serum  of  a  normal 
guinea-pig  has  no  htumolytic  action  upon  the  red  cor- 
puscles of  the  rahbit ;  but  if  a  f^uinoa-pig  receive  a  few 
injcctioDs  of  defibrinated  rabbit's  blood,  its  blood  serum 
acquires    htemolytic    properties    and    dissolves    the    red 

»  See  BuUoch,  Practitioner,  December  1900.  p.  67'i,  and  Trniis.  Path, 
StK.  Lmxd.  !ii.  Part  3.  1901,  p.  20S;  Gruber,  Uarbe^i  Lectures,  Jonrn. 
StaU  Med,  11)02,  Fcbmary,  March,  and  April;  Ehrlich,  ColUcted  Htudw 
on  Imwunity, 
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corpuscles  <»f  tbe  nvbhit.  This  solution  of  ihe  Ijloml 
corpuBcles  is  lernied  *  hiiiiiolysis/  and  the  siibHtances  which 
produco  h{i*molysis  nre  *  hn'molysins/  If  the  active  serum 
hf!  Iipult'd  to  nir  V.  it  loHen  its  luiniolyHing  power,  hut  vtin 
ii^ain  he  rf»nderecl  ha-uiolytic  or  *  activated  '  hy  the  addition  ■ 
of  /r/'s'/r  iiornm!  S(U'uni  ;  nornirtl  flerum,  ho\v*>ver,  rajudly 
losing  its  activating  pifjpertics  on  kee|»ing.  It  will  thus  he 
seen  that  there  is  an  almost  complete  analogy  l>etween 
bacteriolysis  ami  liH^molysis,  the  latter  l)eing  brought  about 
by  the  interaction  of  two  substances,  one  epecilic  and  stable 
produced  by  the  injections,  the  'aml>oceptor'  or  '  immnne 
body,'  and  the  other  an  unstable  Inidy  present  in  fresh 
normal  serum,  the  'coiiiplenient '  or  'alexin,' 

Blood-corpuscles  are  more  tangible  ontities  than  bac- 
teria, and  are  far  easier  to  work  with  than  the  Litter,  aiul 
liieniolysis  has  been  the  subject  of  a  largo  amount  of 
experimental  work  by  Bordet,  Ehrlicb,  Morgenroth,  Gruber, 
BulltK'h.  and  others,  and  the  results  obtained  have  shed 
considerable  light  upon  thecf)niple\  phenomena  of  immunity 
and  of  the  actions  of  anti-bodies  in  general.  Moreover,  in 
hfemolysis  the  globulicidal  material  seems  to  be  identical 
with  the  bactericidal—  that  is  to  say,  it  is  tho  complement  or 
alexui.  According  to  Ehrlich's  view,  whi'tlu'r  it  he  nor- 
mal or  '  immune  '  serum  (i.e.  serum  of  a  treated  animal),  bac- 
terifdysis  or  ha-molysis  takes  place  only  when  the  comple- 
ment and  nnilxH'eptor  unite  (fig.  :V2,  p.  159)^  complement  hy 
itself  liaving  no  affinity  for  the  bacterium  or  erythrocyte,  the 
combination  fornMiig  the  '  lysin,*  which  then  acts.  Accord- 
ing to  <lruber,  hnwover,  neither  UacteriolyKin  nor  ha?moly8in 
exists  as  a  chemical  entity ;  the  sjiecific  hacteriolvtic  or 
hemolytic  action  is  based  on  the  fact  that  the  relative  cells 
tirst  absorb  the  immune  body  and  f^o  become  accesHihIe  to  the 
alexin.  This  is  shown  hy  the  fact  that  the  two  substances 
do  not  combine  in  detiniti^  projKirl tons- for  example,  the 
more  the  blood-corpuscles  are  laden  with  theimmmie  body, 
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Ihe  smaller  is  the  qnandty  of  complement  reqaired  to  Ivriag 

uUmt  their  sulution. 

like  vibrios  -  prtxhiee  h^tmoly^^ius,  and  the  hmnorrfaageB  kc 
80  common  in  various  septic  diseases  are  proljably  partlj 
(]tu'  to  t))i'  action  of  bodieii  of  this  nature  daborated  by  the 
infecting  organisms. 


Practical   Uses  op  H^moltsxs  etc. 

1.  IIi£molysU  Test. — Some  niicro-<»guit6iiu  pcodaee  non- 
specific btcmolysins,  others  do  not ;  this  may  eonstiftiite  a  diflier- 
ence  between  allied  orj^raniams.  For  instance,  no  true  cholera 
vibrio  seems  to  htvmol^'se,  while  seTenl  cholera-hke  vibrios  do 
so.  The  test  can  be  apphed  in  two  wajrs :  (a)  Uefibrinated 
rabbits'  blood  may  be  mixed  with  melted  agar  eooled  to  -15*^  C. 
The  mixture  \s  [loiired  into  Petri  dishes,  allowed  to  set,  and  when 
eool  inocnlated  with  the  organism  to  be  tested  in  such  a  manner 
that  separate,  well-defined  colonies  are  obtained.  After  twenty- 
four  hours*  incubation  at  87'  C,  colonies  when  faa-mcl^tic  are 
surrounded  with  a  clear  well-defined  halo  contrasting  sharply 
with  the  dark  opaque  colour  ot  the  agar.  (6)  A  young  agar  culture 
is  emulsified  in  4-5  c.c.  of  physiological  salt  solution,  01  c.c.  of 
this  suspension  is  mixed  in  a  tiny  test-tube  with  O'Q  ce.  salt 
solution  and  one  drop  of  a  suspension  of  well-washed  rabbit  or 
other  corpuscles.  After  twelve  to  twenty-four  hours,  luemolysis 
is  apparent  if  it  is  going  to  take  phKe. 

2.  Fixation  TcM. — A  hemolytic  serum  may  be  made  a  very 
delicate  reagent  for  complement,  and  may  thus  ser^-e  as  a  test  for 
an  organism  or  an  immane  serum.  Again,  to  take  as  an  example 
a  stipjKfsed  cholera  ribrio.  If  an  immune  serum  (previously 
healed  to  oG"  (*.  So  as  to  destroy  crniiplement) — hnuiolytic  fur  the 
corpuscles  of  an  animal^  or  bacteriolytic  for  a  ^ivun  micro- 
organism, e.g.  cholera  vibrio  -be  mixed  with  the  rod  corpuscles  of 
the  same  animal,  or  with  the  cholera  vibrio,  the  corpuscles  or 
vibrios  absorb  the  immune  body. 

Bordet  showe<l  that  if  corpuscles  or  microbes  containing 
the  uppropriate   iuiuiune   body    be  added   to  fresh   non-heated 
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lent  (e*g.  fr^sh  rabbits'  serum)^  the  oorpuscl&a  or  micmbeH 
|the  complemeDt,  so  thnt  none  remains  free  in  the  liquid. 

if  freah  guinca-piga'  Berum  be  added  to  cliolera  vibrios 
have  not  absorbed  any  eholera-immune  body,  the  comple- 
fjU  not  be  absorbed  and  remains  fre**  in  the  liquid*  The 
bf  this  is  that  if  'seoBitized '  corp«i*cles  (i.o,  corpuscles 
have  takeo  up  immune  bodj]  be  added  to  tiuch  a  mix* 
be   globules  are   cjuickl^'    htfuiolysed.     If,   on    the  other 

ibrioe  which  have  airoady  absorbed  the  cholera-immune 
'  added  to  the  same  quantity  of  fresh  senim.  the  uiicrobeB 
|Lhe  complement;  and  provided  the  amount  of  fresh  aerum 

K>  ffpeat,  the  complement  is  absorbed  so  cou^pletely  that 
\7.oi\'   corpuscles     when   added    to    the    mixture   arc   not 

(1.     If  vibrios   other  than  cholera  be   added  to  cholera 

the  immune  body  is  not  fixed,  the  complement,  a/lded 
free,  and  the  sensitii^ed  corpuscles  are  dissolved.     The 

of  an  inactivated  hjemolytic  serum  (i.e.  heated  to  GB^  C.) 
|e  homologous  corpuscles  (i.e,  those  with  which  thohifmo- 
1  in  was  prepared)   is  known  aa  a  ' hiiinolytic  ayateui.' 

!lhod  of  carryina  out  the  test  h  as  follows :  The  immuutj 
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the  end  of  that  time  the  occurrence  of  hirmol3-8is  is  noted.  If 
the  organism  is  homologous  with  the  immune  serum,  ihe  immune 
body  wiU  iix  the  complement  in  tube  1  And  no  hfcmolysiB  will 
occur ;  in  tube  H  hamolysia  will  occur  because  the  complement 
remains  free.  Tube  2  serves  aB  a  control,  and  fthould  t^bow  no 
bn>molysis  in  three  hours  (though  if  kept  for  eighteen  to  twenty- 
four  hours  ha-Mioly8is  will  occur  if  the  organism  produces  hanto- 
li/siitHy  apart  from  any  action  of  complement).  If  the  organism 
is  not  homologous  with  the  immune  serum,  hitmolysis  will  occur 
in  tube  1,  because  the  complement  does  not  become  hxed, 
tubus  2  and  8  being  the  Bame  as  before. 

The  hiumolytic  seroin  may  be  obtained  by  injecting  rabbit«4 
with  well-wafihed  sheep's  rod  corpuscles  suspi^nded  in  salt  solu- 
tion. Four  doses  of  H  c.o.  intraperitoneally  or  2  c.c.  intravenously 
are  given  at  intervals  of  a  week,  at  the  end  of  which  period  the 
rabbit's  serum  should  be  strongly  hifmolytic.  Sheep's  blood 
may  be  obtained  as  oseptically  aa  possible  from  the  slaughter- 
house ;  the  blood,  as  it  runs,  is  caught  in  a  sterile  wiJe-mouthed 
bottle  cuntainiug  a  coil  of  fine  wire  with  which  it  is  dehbriuRted 
by  shaking.  The  tluid  blood  is  then  mixed  with  sterile  physio- 
logical salt  solution  and  centrifngalized,  and  the  deposits 
corpuscles  are  again  washed  with  salt  solution  two  or  three  times, 
and  tiually  suspended  in  salt  solution  in  the  proportion  of 
6  per  cent. 

8.  Anivjen  Teat.—Hee  *  Syphilis.' 


CvTOTOXiNs.' — Anti-sera,  analogous  to  tlie  hwrnolysinH  or 
ha'motoxins,  may  be  prepared  which  have  a  dcstructivo  action 
upon  cellular  elements;  these  are  termwl  'cytoloxins,'  If  a 
rabbit  be  injected  with  bull's  semen,  its  serum  (*  spermotoiin ') 
acquires  the  property  of  immobilizing  the  spermatozoa  of  the 
bull.  The  reaction  is  specific,  but  Hpenaatolysis  do(4  not  seem 
to  occur.  Similarly,  by  injecting  ciliated  epithelinni  into  the 
peritoneum  of  a  guinea-pig  an  anti-epithelial  serum,  or  '  tricho' 
toxin,'  is  developed.  With  liver,  kidney,  and  nerve  celiit  anti- 
bodies ha\ing  a  destructive  action  upon  these  cells  are  developed 
us  a  result  of  their  iujeotion.     Nephrotoxin,  the  serum  of  an 

■  S«o  UuUocb.  PractUiotur,  Miiy  I30i.  p,  i'J\f.    (llltinifg.r 
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animal  imxsulated  with  an  omuhion  of  kidney,  when  injectotl 
into  a  second  untreated  anima],  produces  albuminuria  and  urtomia 
with  dishite^Ljration  of  the  tpitholium  of  the  convoluttHl  tubules; 
hepatotoxin,  the  nerum  of  an  aniuiul  treatotl  with  tiiiulsions  of 
liver,  produces  fatty  and  inHammatory  changes  in  the  liver 
resembling  phosphorus  poisoniug ;  neurotoxin,  the  seruia  of  an 
animal  treated  >vith  ouiulsiuns  of  nerve  tissues,  produces  paresis, 
paralysis,  depression,  ocnvulsionH,  Ac, ;  a  leucotOKic  serum, 
obUiined  by  injecting  leucocytes,  agglutinates  and  dissolves  the 
leucocytes,  and  so  on.  The  formation  and  mode  of  action  of 
these  cytntoxins  resemble  those  of  the  hiemolysins.  It  was 
hopod  that  the  study  and  prejiaration  of  cybotoxins  would  ojten 
up  possibilities  in  the  way  of  tmnting  such  diseases  as  carcinoma 
and  sarcoma,  but  so  far  thitj  hoiya  has  not  been  realised. 


AtioLL'TiNATioN.  -If  an  nninuil  hv.  injiHjled  with  culturoB 
of  typhoid  or  cholera,  its  Heriim  soon  acquires  the  property 
of  nff^lutinntinf;  or  ciiusing  aggregutioii  iiiU)  elunips  (tf  tlio 
typhoid  bacilli  or  cholera  vil>rios  respectively  when  niiKud 
with  ii  broth  culture  of  theae  orgunisnis.  The  reaction 
may  bu  obaerved  microscopically:  if  a  lui,ugiiig-(Ii'oi>  pre- 
I>araiion  be  made  with  u  mixture  of  broth  culture  and 
diluted  serum,  the  orf(unismH  U»se  their  motility  and  soon 
become  aggregated  together  into  large  masses  or  t:lumps. 
Macroscopicnlly  the  reaction  may  be  followed  in  a  line- 
bore  tube  into  which  the  mixture  of  culture  and  serum  has 
been  introduced  ;  after  some  hours  the  miuro-or^anisms 
will  have  become  aggregated  into  masses  so  large  as  to 
form  visible  flocuuli,  which  ma^*  sink  to  tlie  bottom  of  the 
tube.  The  substances  which  bring  about  thin  aggluLina- 
tion  are  known  as  agglutinins.  AggluliniiiH  seem  to  be 
pretsent  in  muall  amount  in  iionual  scihuu  ;  for  ujistunce, 
most  Jiormal  human  sera  up  to  a  dilution  of  1  in  2 
or  1  in  1  will  agglutinate  the  typhoiil  bacillus  and  still 
more  ]H>wt!rfully  IIih  ghmtbns  bacillus.  Tliey  are  also 
present  in  bacterial   cultures;    if  an   old  bntLli  culture  of 
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typhoiM  be  tillered,  the  filtrate  powerfully  apglutiuat^s  the 
bacilli    in   a   fresli    brutb    eultnre.     The   agglutination   of 
organisms  by  anti-sera,  though  hardly  8j»eciftc,  ift  usaally 
very  special ;  given  proi)er  precautions  as  to  dilution,  time- 
limit,  condition  of  test  culture,  ikc,  an  anti-serum  wfll  gene- 
rally only  agglutinate  the  homologous  organism  or  cloBelj 
allied  Bi)eeieH.    That  iH,  the  anti-serum  may  nut  only  agglu- 
tinate the  organism  with  which  it  has  been  pre^iarod,  but 
also  allied  ui}efias,  though  usually  not  to  the  same  extent ; 
anti-typhoid  serum,  for  example,  may  agglutinate  not  only 
the   typhoid  bacillus,  but  also,  though  to  a  less  degree, 
members  of  the  li.  rittcritidiji  group.     As  the  result  of 
infection  or  of  inoculation  witb  an  organism,  agglutinins 
may,  however,  be  produced  which  agglutinate  not  only  the 
organism  of  the  infection  but  also  other  organisms  -e.g. 
tyi)hoLd  serum  may  agglutinate  tlic  li,  coli  as  well  aa  the 
B,   typhosus.    The  agglutmins  acting   on   the  infecting 
organism  may  lie  termed  primary  or  homologous,  those  on 
other  organisms  secondary  or  heterologous.     In  a  case  of 
double  infection  each  organism  may  protluceits  own  primary 
ag;;lutiuin,  hu  that  the   agglutination  of   twu   Hi>ecieh   by 
a  serum  may  be  due  to  the  presence  either  of  a  primary 
and  a  secondary  agglutinin  or  of  two  primary  agglntininM. 
Castellani '  found  by  applying  the  saturation  test  (p.  175) 
that   an    organism   would   absorb    both   its   primary   and 
secondary  agglutinins,  but  would  not  al^orb  two  different 
primary  agglutinins.   This  test,  therefore,  would  distinguish 
a  double  infection  from  a  single  one.    Thus,  if  witb  a  typhoid 
serum  agglutinating  both  the  D.  typhosus  and  the  B,  tudi^ 
the  scrum  after  saturation  >^itli  typhoid  culture  still  agglu- 
tinated the  B,  coli,  it  would  i>oint  to  an  infection  with  tht^ 
latter  as  well  as  with  typhoid.     The  agglutination  reaction 
is  made  use  uf  practically  iji  two  ways  in  Ijacteriology  and 
medicine.    The  *  iJordet-Durhaur  i-eaction  consistH  in  t4.mting 

'  ZeiU4;hr./.  Uyg.  xl..  IlKTJ.  p.  I. 
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an  unknown  organism  with  a  specific  auti-serum  prepare<1  by 

injecting  an  animal  with  a  known  microbe  ;  if  the  organism 
tested  becomes  agglutinated,  it  is  rej:jarded  hh  being  of  the 
rtame  specieH  aw  that  with  which  tho  anti-Horum  was  pre- 
pared. With  certain  precautions  the  Bordet-Durham  re- 
action IB  one  of  the  most  delio^ite  and  certain  for  diagnosing 
bacLetiii!  species.  The  CLUiverse  of  this  ib  the  agf^lutination 
reaction  proper  (frequently  termed  the  Widal  r&iction),  and 
conHiBtH  in  testtnt;  an  unkn^twn  serum  ui^on  a  knttwn  microbe. 
It  is  especially  used  in  the  diagnosis  of  microbial  diseases ; 
for  example,  in  typhoid  fever  the  blood  of  Mie  typhoid 
patient  powei'fidly  agglutinates  the  ty^dioid  bacilhis,  that 
of  Malta  fever  the  Microcot'cu:^  mcUtenstH,  that  of  bncillary 
dysentery  the  dysentery  bacillus,  6ic 

A  remarkable  phenomenon  observed  in  connexion  with 
ai^^glutination,  which  the  writer  has  [larticularly  noticed  in 
the  case  of  Malta  fever,  is  the  occurrence  of  a  Jiegative 
phase  with  some  particular  dilution.  Thus,  dilutions  of 
1  in  10  and  1  tn  '20  may  agglutinate  strongly,  a  1  in  "^0, 
however,  may  hardly  agglutinate  at  all,  while  dilutions  of 
1  in  -10  and  upwards  to  1  in  100  or  more  may  agglutinate 
well. 

Anti-serum,  prepared  by  injecting  erythrocytes,  also 
agglutinates  the  red  blood-corpuscles,  and  in  certain  diseases, 
e.g.  pneumonia,  chromocyte  chimping  may  be  a  marked 
feature. 

Various  theories  have  been  propounded  to  account  for 
the  phenomena  of  agglutination. 

1.  Pfeiffer  and  Emmerich  and  Low  regarded  agglutina- 
tion as  a  vital  paralysis  of  the  bacilli  due  to  the  action  of  a 
bacteriolytic  enzyme.  Agglutination,  however,  is  not  a  vital 
phenomenon,  and  bacteriolytic  enaymes  seem  to  be  destroyed 
by  temperatures  at  which  the  agj<liitinins  remain  uji- 
atfected. 

2.  Gruber,  iJii3tjur  and  Nicolle  supposed  tljut  aglutiuouB 
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substance,  *  glabriticin/  was  iibK(jii>ed  fi'om  the  serum  by 
the  bacilli  causing  the  cell  membranes  ov  the  flagella  to 
become  adhesive  ;  but  tliis  oxphmation  will  hardly  account 
for  the  at;gref»ation  of  nou-niotile  orf^aiiisms. 

3.  TaltHuf  and  Duclaux  considered  that  a  upecilic 
procipitatt!  in  produced  in  the  medium,  which  durin;; 
floccalatiun  mechanically  carries  the  bacilli  with  it;  but 
there  is  no  demon.stnible  evidence  Ihat  such  procipitiLtion 
occurs. 

•4.  Bordet  separated  the  mechanism  of  agglutination 
into  two  BtaReH--(l)  fixation  of  ttfT|riutinin,  and  (2)  ngfrre- 
gatiou.  The  fixation  of  agghitinin  by  the  organisma  he 
considerH  to  l)e  analogouH  to  the  fixation  of  a  dye  by  a 
tissue;  and  once  the  agglutinin  is  fixed^the  organisms oljey 
the  laws  of  inert  particles,  aggregation  being  caused  by 
elianges  in  tlu?  molecular  attraction  between  the  or^anJHms 
and  the  HurrfHutdinj^'  medium.  This  is  the  view  which 
Craw  '  8upix>rls.  Ohno,'  however.  oxpresHes  the  ojiinion 
that  tlie  union  of  agglutinin  and  agglufcinable  substance 
is  not  analogous  to  the  fixation  of  a  dye  by  a  tissue,  but 
that  it  is  a  chemical  reaction  as  maintained  by  Ehrlich. 

Agglutinated  bacteria  are  not  injured  liy  agglutination  ; 
they  will,  iJi  fact,  grow  and  multiply  in  an  agglutinating 
serum.  The  amount  of  agglutination  does  not  bear  any 
constant  ratio  to  the  intensity  of  an  infrction  ;  on  the  whole, 
if  the  orgunism  is  reacting  satisfactorily  to  an  infection,  the 
agglutination  reaction  tendn  to  be  marked  ;  if  not,  it  may 
l»e  feeble  or  absent.  Thus,  in  severe  tyjihoid  infections 
with  fatal  issue,  agglutination  may  be  absent.  Rutfer  and 
CrendiroiKudo'  regard  the  agglutinins  as  l>eing  formed  in 
the  polymorphonuclear  leucocytes. 


•  Joum.  of  Hj/>jieiiet  v.,  1905,  i>.  1 1  a.     See  alw  Joos,  ZtOschr.  f.   Hyg. 
xxxvi.  p.  133,  Hiid  ib.  xl  p.  30a. 

'  rhiltpjfiue  Jottrn.  of  Scienci:,  iii..  I'.»08,  p.  17. 

*  2!ri(.  Mid.  Joum.  lUO'J.  i.  p.  H-il.     (Uiljliog.) 
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The  Aoolutikation  Reaction. 
A.     For  Vlinical  Duujnosk  {*  Wuinl  *  lieaction). 

This  is  principally  made  us©  of  in  typhoid  and  panitypboid 
fevers,  MalUi  fever,  and  bacillary  dysentery, 

Collecti'tti  of  Blood. — Blood  is  collected  (p.  117j,  prufiTably 
ill  iL  Wrif,'bt'i)  capsule  (fig.  31,  r/,  p.  1U3),  or  in  a  capillnry  bulbous 
pipette  (fig.  0,  p.  H),  or  in  a  vaccine  lubt'.  Tho  ends  of  the 
tube  are  sealed,  the  dry  end  always  bein^j  soaled  first,  the  blood 
allowwl  to  coagulate  (which  may  Ijo  hastened  by  placing  in  the 
blood-hoafc  incubatir),  and  then  contrifugalized  to  separate  the 
Heruni,  care  being  taken  that  the  dry  sealed  end  of  the  lube,  whicli 
will  be  perfectly  .sealed,  is  disUil  when  spinning. 

If  tubes  are  not  available,  the  blood  may  \ye  spotted  on  Ui  a 
piece  of  glass,  cover-glass,  or  slide,  glaxed  jMiper,  tinfoil,  Ac,  and 
allowed  to  dry.  For  use,  a  drop  of  distilled  water  ia  placed  on  the 
dry  blood  to  dissolve  it,  and  the  solution  used  like  serum. 

The  CitUurt.—l\n-  the  microscopic  test  a  yonriij^  broth  culturo 
is  preferable.  It  should  be  exainiuotl  tu  hanging  drop  to  see  that 
clnnips  are  absent ;  this  spocimen  ia  kept  as  a  control.  If 
ebiiitps  are  ftresent,  they  may  he  remi>ved  (in  the  ease  of  typlxjidi 
by  liltcnng  tho  culture  throiij^'h  liltur-papcr.  A  suspension  of  an 
agar  culture  may  also  be  used,  likewise  dead  cultures  :  a  broth 
culture  or  suspension  of  an  agar  one  htung  lieatod  to  G5'=  C.  for 
ten  minutes  and  preserved  in  sterilized  glass  pijjettes.'  For  the 
vta<'roscoplc  test,  a  thick  8U3j)ension  of  an  agar  culture  in  salt 
solution  is  to  be  preferred,  the  suspension  being  allowed  to 
sediment  for  half  to  one  hour  before  use.  Some  strains  of  an 
organism  are  better  than  others. 

Dilution  iij  ihe  Serum. — This  may  be  carried  out  in  various 
ways,  with  the  hiem<;cytonioter  pipette,  with  a  pipette  made  out 
of  a  piece  of  glass  tubing  as  fur  opsonin  work  (lig.  yi,*(,  p.  \\)H),  or 
with  a  platiiuini  loop.  With  tho  pijK'tte  n  little  yoruiij  is  allowwl 
to  ruu  up  so  UN  to  occu[>y  II, -*2  cm.  of  thf  stem,  ami  the  ui>per 
limit  is  raarki'd  with  a  grease  peneil  or  ink.  The  pipette  is  then 
tilted  so  that  a  little  air-space  is  left  between  the  end  of  the 
pipette  and  the  lower  end  of  tho  coUmin  of  serum.     The  end  of 

'  Sf«  l>t)U'ijiiu*  mill  Wright.  Urit,  Mint.  Jount.  1H97. 
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the  pip9ito  is  thon  immorRtxl  in  a  watch  i^laKs  of  stJt  solution, 
hoMiiig  it  nearly  hori/onta]  (or  usiniyr  a  tt'at  to  Huck  up  with,  aa 
in  the  ot^onic  riititho*1),im(l  the  salt  sohation  iw  allfiwwl  to  run  np 
to  the  nmik,  whoii  the  procuss  is  ropejitud  ;  ao  finally  tbo  pij^tte 
contains  1  volnmo  of  Henini  an<]  4  vohime.s  of  wilt  solntinn,  each 
volunio  Im-Iiii^  sepnmlfHl  from  tho  next  onn  by  an  air  biibhle. 
The  contenlH  of  the  pipette  ai-e  then  Uliwn  out  into  n  watch-glass 
anil  thorou^bly  mixed,  and  further  dilution  of  this  dihition  is 
prepared  in  the  same  manner.  Two  or  three  dilutions  are 
usually  made — viz.  1  in  15, 1  in  25,  and  1  in  GO.  A  platinum  loop 
may  also  be  employed  as  a  measure  ;  a  loopful  of  the  s^rum  ia 
deposited  in  a  watch-glass,  and  hy  spotting  round  it  nine  or 
foarteen  loops  o!  salt  solution  a  dilution  of  1  in  10  or  1  in  15  is 
prepar&l,  or  any  other  dilution  in  a  similar  manner. 

The  Microscopic  Test.  Two  or  three  han^inj,'-drnp  slides  are 
vaselined  and  two  or  three  co%'er -glasses  cleaned.  On  to  each 
cover-glass  one  loopful  of  a  dilution  of  serum  is  placed,  and  to  each 
is  added  a  loopful  of  the  broth  culture  of  the  organism — e.g. 
typhoid — and  well  mixed  up,  and  efich  specimen  is  mounted  as  a 
hanging  drop.  Starting  with  three  dilutions  of  serum— e.g.  1  in  15, 
1  in  25,  and  1  in  50  the  dilutions  in  the  specim*^Tis  will  be  1  in  SO, 
1  in  50,  and  1  in  100  respectively.  Or  if  only  one  dihition  nf  serum 
has  been  made — o.g.  1  in  15— if  on  each  cover-glass  one  loopful  of 
this  be  placed,  and  to  the  iirst  be  udded  one  loopful,  t  j  the  second 
two  loopfuls,  and  to  the  third  three  lonphil^  uf  typhoid  culture, 
then  the  iinal  dilutions  in  the  three  specimens  will  be  1  in  30, 
1  in  45,  and  1  in  f>0  respectively. 

Care  ahoiiUi  be  taken  that  the  hanging-drop  cultures  are  quite 
sealed  with  the  vaseline,  ao  that  evaporation  is  prevent<jd.  The 
hanging  drops  iiro  then  examined  microscopically,  a  ^-inch  objoc- 
tive  sufficing  for  typhoid.  In  the  case  of  typhoid  the  following 
phenomena  will  be  observed.  The  motility  of  the  majority  of 
the  bacilli  is  instantaneously  or  very  quickly  arrested,  and  in  a 
few  minutes  they  begin  to  aggregate  together  into  clumps,  and  by 
the  end  of  the  half-hour  there  will  be  very  few  isolated  bacilli 
viaible.  In  less  marked  cases  the  motility  of  tho  bacilli  does  not 
cease  for  some  minutes,  while  in  the  least  marked  ones  the  motility 
of  the   bacilli   may  never  l>e  completely  arrest^,  but  they  are 
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inrc   or   less   sluggish   as   compared   with   the   control 
Jrop  luad^  from  the  culture^  while  clumping  ought  to 
li.^tinct  by  the  end  of  one  hour  (with  a  1  in  30  to  1  in  50 

entn»l  iM^i'tiaiifl  of  tho  dcnp  should  ho  examined,  not 
iti9.     "With  hloo<l  which  \it%s  heen  «1tmi  ami  dissolved, 
^  may  beoorao  entangled   in   debris  and  must  not  be 
for  clumps. 

cases  tjvo  or  three  differefU  diliUions  sJw^iUl  be  jimde 
:  a  possible  negatwe  phnse  tuith  some  particular  diljttion^ 
'scopic  Method t  or  SedimentaUon, — The  serunit  having 
;ed  by  means  of  o.  pipette  with  four  times  its  volume  of 
ion,  ia  mixed  with  5  to  20  timea  its  volume  of  culture 
n  eontaiutni^  plenty  of  micro-organiama  in   the  aame 
la  deecnbed  in  the  previoua  section.     The  mixture  ia 
)  into  a  Hoe,  but  not  capillary,  bore  tube.     Thii3  ia  aealed 
wer  end  and  allowed  to  stand  in  the  upright  position 
to  twenty-four  houpg  at  20-  C.  or  six  hours  at  ^T  C. : 
on  ia  often  distinct  within  an  hour  at  B7'  (\    When  the 
^oaitiv^h^rgamam^jecomyigg^^ 

SATURATION   TEST 


175 


n,  mbbit  three  to  five  intravenous  injections  at  intervals  of  seven 
(lays  of  killed  culture  of  a  virulent  strain  of  the  ovganiflui,  e.g. 
typhoid  or  cholera.  The  culture  is  killed  by  hejitinij;  to  60  65''  C 
(or  half  an  hour,  and  the  done  is  increased  from  one  loop  to 
ten  loops  of  an  a»,'ar  culture.  Stiven  dayH  aftor  tho  last  doso, 
the  animal  jh  hied,  and  tho  Hcruni  nhtjiiuwl.  The  H;i,'^'Iutinatint» 
valu(^  tif  the  flenini  must  be  determined,  and  conlrolw  should 
always  he  put  up  with  nnrm/il  aeruni  of  an  animal  nf  the  name 
»pecies  as  that  Irom  which  the  iniinuue  Heruui  has  been  obtained. 
A  series  of  dilutions  of  lioth  wera  is  made  witb  salt  solution 
and  a  twentyfour-hour  agar  culture  of  the  organism  to  be  tested 
used.  Both  the  macroscopic  and  microscopic  methods  should  be 
employed.  The  dilutions  may  be  made  with  a  1  c.c.  pipette 
graduated  in  hundredths,  with  the  hn*mocytometer  pipettes,  or 
by  the  method  nsed  clinically. 

2.  Saturation  Test.—Bi>rdet  first  noticed  that  a  suspension  of 
a  microbe  added  to  the  homologous  asRlutinjiting  serum  absorbs 
moat,  if  not  all^  the  specitic  agglutinin,  whereas  an  organism 
not  homologous  with  the  serum  absorbs  little  or  only  a  portion 
of  the  agglutinin.     The  tost  may  be  carried  out  as  fuUows  : 

(a)  Ten  loopfuLs  of  a  young  agar  culture  of  theorgauisiu  to  be 
tested  are  mixed  with  10  c.c.  of  a  o  per  cent,  solution  of  a  highly 
agglutinating  serum.  After  standing  for  two  or  three  hours  at 
room  tem]>emturo,  the  mixture  is  centrifugidii'-ed  and  the  cluar 
supernatant  Huid  decanted. 

(b)  The  agghitinating  power  of  the  decantod  h<imd  is  then 
teste<l  on  the  organism  with  which  the  serum  was  preimreil.  If 
the  organism  treated  in  (a)  is  hniuologous  with  the  organism 
with  which  the  Hf^'glutinating  seruiri  was  prepired,  the  decanted 
tluid  will  have  lost  most,  or  a  considerable  proportion,  of  its 
agglutinating  power  for  the  latter. 


Amti-fkuments.' — 15y  the  injection  of  rennin  or  other 
eu/yme  the  blood  serum  of  the  tr^^ted  animal  acquires  the 
property  of  neutralizing  the  action  of  the  en/.yine  with  which  the 
inoculation  has  l^een  performed.  Thus  if  reunin  and  atiti-rennin 
(the  serum  of  an  animal  injected  with  rennin)  be  mixed  v^'ith  milk 


>  See  Detin,  Trans.  Path,  Soc.  Lo»d,  ili.,  1901.  Pari  3,  p.  127 
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IK)  curdling  litkes  pliuT.  Siiitihiiiy,  tliti  sonini  of  an  animal 
juoculab&d  with  imucroatiu  tnbihits  the  action  of  this  ferment, 
and  if  coagulated  egg-ftlbuniiii,  pancrwitin,  and  anti-pancreatin 
lie  mixed,  the  og^-albiitiun  nndort^ooH  no  digestion. 

PkecipitinhJ — -KrftMa  wus  tho  firat  to  domonrtttato  tho 
presence  fif  Hpecilie  precipitins  in  blood  by  adding  typhoid, 
cholera,  and  plague  anti-sera  to  iiltnites  of  the  cultures  of  the 
corresponding:  microbes.  If  to  such  a  filtrate  in  a  test-tube  a 
little  of  the  corresponding  anti-serum  be  added  by  running  in 
carefully,  so  that  it  forms  a  layer  at  the  bottom*  an  opalescent 
ring  makes  its  appearance  at  the  line  of  junction  of  the  two 
fluids.  So  also  if  an  animal  be  injected  with  milk,  its  sermn, 
when  added  tn  milk  of  the  Hatne  kind  an  that  with  which  it  has 
been  injected,  causes  precipitatioa  of  the  casein.  Thir^  reaction 
ifl  specific,  and  it  is  thus  possible  to  distinguish  various  milka 
from  one  another.  Similarly,  anti-sera  which  produce  pre- 
cipitates, each  with  the  homologous  substance,  are  obtained  by 
the  injection  of  peptone,  of  cprg-alburain^  blood  serum,  and  other 
proteins.  The  latter  reaction  bids  fair  to  have  an  important 
medico-legal  application,  for  by  means  of  it  the  blood  and  flesh 
of  diflierent  species  of  animals  can  bo  distinguished.  Thus  the 
presence  of  horseflesh  in  sausages  can  be  detected.  The  method 
employed  is  to  inject  a  rabbit  intraperitoneally  with  four  to  six 
injections  of  defibcinated  blood  or  of  blood  serum  (or  with  a 
solution  of  the  particular  subat-aiice,  e.g.  horseHesh),  commencing 
with  ftlK>ut  5  c.c-  and  increasing  to  10  c.c.  at  intervals  of  a  few 
days.  After  treatment  the  blood  is  sucked  up  int(j  a  piiwtto  from 
one  of  the  veins  of  the  oar,  allowed  to  eoagulatu,  and  the  serum 
so  obtain&d.  The  blood  to  Ix^  tested  maybe  drieil  on  iilter-imper, 
pioces  are  then  cut  up,  a  solution  made  in  10  pL-r  rt-nt.  sodium 
chloride  solution,  and  to  thiH  tho  Rpecific  serum  iaaddwl.  Tested 
in  this  way  human  blood  antiserum  rejvcts— i.e.  forms  a  pre- 
cipitate— markedly  with  human  blood,  loss  so  with  ai>e's  blood, 
not  at  all  with  other  blood;  ox  blood  anti-serum  reacts  with  ox 
blood,  liiSri  30  with  sheep,  feebly  with  horse,  hardly  at  all  with 
dog.     Mixtures  of  bloods  may  also  be  tested.     The  production 

'  See  Nutlafl,  Journ.  of  Hyg.  \,  No.  3.  1901,  p.  367  (Bibliog.).  also  Brit. 
Med.  Joiirff.  1002.  i.  p.  825. 
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of  tbo  Anti-bo(]y  Beoins  to  be  Hiii/  to   tho  globulin   ronRtitiii^nl 
of  the  injectefl  «(?rnm. 

It  will  thus  bo  seen  that  the  ftiiti-bodiefi  which  result 
from  the  injection  into  an  animal  of  different  HubBtanceB 
are  extreraelj*  numeroiiB  and  have  varied  propertieB,  their 
moBt  notable  chanicteriBticH  i»eing  their  extreme  sptH'ilicity 
and  the  extraordinary  delicacy  of  the  interactions  produced 
by  them.  It  in  important  to  note  that  these  anti-lwdicR 
are  produced  only  as  the  result  of  inoculation  with  com- 
plex compoimdfl  allied  to  the  proteins-  The  tolerance 
eBtablished  liy  tho  ingestion  or  iucwnlation  of  piuipler 
compoundH,  such  as  arsenious  acid  nnd  morpliine,  is  of  n 
different  nature,  ahd  is  not  coincident  with  the  develop- 
ment of  anti-bodies.  According  to  I'^hrlii-li,  tho  latter  kind 
of  tolerance  may  be  due  to  the  exhaustion  or  uninR  up 
of  certain  receptors  ('  chomo-receptors  *)  of  tho  protoplasm 
(see  p.  185). 

Immunity.' 

No  fact  in  biology  is  more  striking  than  the  differences 
in  susceptibility  to  disease  conditions  exhibited  by  diffcient 
races  and  different  anhnals.  For  example,  the  native  races 
in  many  parts  of  the  world  are  com|uiratively  insuKcepLible 
to  yellow  an<l  typhoid  fevers  and  malaria,  the  dog  and  goat 
are  rarely  affected  with  tuberculosis,  and  tetanus  is  never 
metwitli  in  the  fowl ;  and  to  come  nearer  home,  while  some 
individuals  are  lucky  enough  to  escape  most  of  the  cmunioner 
infectious  fevers,  others  seem  to  contract  them  on  every 
possible  occasion,  and  to  suffer  from  all  the  ills  thut  tlcHh  is 
heir  to.  These  instances  show  that  there  is  often  a  natural 
insusceptibility  to  infective  disease,  or  a  natural  immunity, 
as  it  is  termed,  either  complete  or  partial  and  ap[>ertaining 

'  ae«  Metchnikoff,  Imtnunilt/  in  Infective  IHseaites,  l'.ll»5.  Al:to  JJrit. 
Med,  Joum.  Itt02.  i.  p.  7H(;  li*04.  ii.  pp.  557-682.  and  li.07.  ii.  l>p.  1409- 
1425  :  Jbwni.  of  H\fQitw.  ii.  HKW. 
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nu'fi,  'racial  iinnuinity';  rir»  rarvinf;  hi  fliffereiit 
uhIh  and  at  diflfereat  ages,  *  individual  immunifcy,'  bb 
'ftse  of  diphtheria  and  Fto>ir!atina,  ^vhich  bet^orae  more 
>re  rare  as  age  advaiiceB. 

ll  more  striking,  j>erhaps,  is  the  fact  that  an  insus- 
lity  may  be  acquired  either  after  an  attack  of  infective 

or   in  e^irtain    instances    by  inoc^ulation,      Thus 
attacks  of  smallpox  and  scarlatina  are  rare,  while 
.ted  smallpox  and  vaccinia  protect  against  variola. 
are   esamplea  of   an    acquired  insusceptibility  or 
id  immimity, 

Ih  regard  to  the  immunity  of  native  races  to  certain 
>i,  thJR   is   probably  due   to   natural  selection  and 
y  ;  during  lonp^  periods  of  Lime,  Ihe  indivitlnals  \mn^ 
oaed  to   the   same   ri^ks,  the   Kuinceptible  ones  are 
,  luit,  white  the  HurvivorB  transmit  their  iiisuRcepti* 
0  iht-ir  descendants;  Imt  this,  of  course,  does  not 
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is,  infection  rnn  nsnally  l>e  induce*!  under  certain  con- 
diiions.  Thus  fowls,  which  are  liighly  refrtictory  to  tetanus 
jind  tolerate  considerable  doses  of  tetanuH  toxin  with  im- 
punity, cjin  be  l^tanised  with  hirge  doseK  of  an  active 
toxin  ;  while  rats,  which  are  ins u seep ti  1)1  e  to  anthrax, 
liccorae  Husc-eptible  after  fatigue,  or  when  fed  on  an  ex- 
clusively vegetable  diet.  Behring  would  ascribe  the  im- 
munity of  white  rats  to  anthrax  U>  the  high  alkalinity  of 
their  bUxid,  and  elaims  to  have  shown  experimentally  that 
a  vegetable  diet  reduces  this,  and  fatigue  is  said  to  act 
similarly. 

Ehrlicirs  Bide*chain  theory  suggests  a  simple  explanation 
of  certain  cjises  of  natural  inmiunity.  \n  order  that  a 
bacterial  toxin  or  endotoxin  may  proflnc<*  intoxication  it 
must  l>ecome  anehortMl  to  the  cells  by  its  huptttphitre  group, 
and  that  this  may  occur  the  cell  molecules  must  |K>Bsess 
atomic  groups  or  side-chains  (* receptor  groups')  which 
have  a  si>ecial  aftinity  for  the  haptophore  groups  of  the 
toxin.  Shonld  these  be  wanting  the  toxin  cannot  become 
anchored  to  the  cells,  its  loxophore  gi'oups  cannot  exert 
their  iulluence,  and  natural  innuunity  is  the  result. 

The  bl(Mxl,  Ivniph,  and  other  Jluids  and  tissue  juices 
undoubtedly  exert  a  more  or  less  germicidal  action  on 
bacteria  experimentally  in  vitro,  and  to  some  extent  pro- 
bably iiW)  in  the  IkhIv.  Bat  in  this  res[>ect  there  is  often 
a  marked  difference  between  tho  circulating  blood  and  the 
l)b»od  ill  vitro. 

Lewis  and  Cunningham  (1872),  Traulie  and  Uscheidlen 
(1H7 4),  Fmlor  (lrt77),  and  Wysokowirz  showed  that  bacteria 
injected  into  the  circulation  rapidly  disappear,  and  were 
inclined  to  attribute  tliis  result  to  the  l»actericidal  properties 
of  the  ]>lood.  In  the  main,  however,  this  di8apj>ejnance  is 
proi>ably  due  to  lodgment  in  the  capillaries,  phagocytosis, 
and  excretion  by  the  excretory  glands. 

Ilalliburtou  prepare<l  from  the  lymphatic  glands  a  eel 
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d.     TTankin  found  that.  Huh  hud  oiarliM  ^ermi- 
portiifiH,  jukI  conehKle<i  that  tliiH    hubstiitvce  was 
the   gei-raicldal  coiifitituent  of   the  blodcl  serum. 
Bnnicidal  cnnHtituentft  of  the  v.bWh  mid  lintly  fluidn 
j^^^avc  the   name  'alexins,'     Jiitter,  wlio  repeated 
^xperiiuents,  failed^  however,  to  confirm  them, 
niinn  i^erfonned  tlie  firsfc  experiments  with  extra- 
Ijlood.     He  found  tliat  anthrax  baeilli  after  being 
aama  became  less  virulent.    Fodor,  adding  antlirax 
blood  and  plating  at  intervals,  found  there  was  a 
ve  diminution  in  the  number  of  organiHiiiH. 
11  in  IRSS  used  the  defilirinated  blood  of  several 
rabbitB^  miee,  pipjeona^  Hheep^  and  found  that  it 
I  the  Ji.  authracifif  li,  st{btilhf  IL  incffatrnifm^ 
/n/itt/mes   var,   aurctt^^.      He  confirmed   Fo4b>r'fi 
■hit']]  also  showed  that  after  a  while  the  bloml  loses 
icidal  properlies  and    becomes   a  suitable  culture 
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Biderable  ditTerence  1>et\veen  the  uction  of  circulating  and 

of  extra -vaseular  blood. 

Vauf^lmn,  Novy  and  McCHntoch  in  a  series  of  papers 
ascribed  jxtwerful  bactericidft!  properties  to  tlie  niicleiiiH, 
and  Burmised  that  in  serum  the  uucleins  set  free  by  the 
disintegration  of  leucocytes  and  other  cells  are  the 
germicidal  agents.  Fturest  aiul  the  writer  '  found,  however, 
that  all  the  germicidal  piopei'ties  ascribed  by  Vaughaii  to 
the  iiucleinii  were  probably  tkie  to  the  weak  alkali  in  which 
the  nucleina  were  dissolved,  and  came  to  the  conclusion 
that  VitugluLu's  resultti  were  at  least  not  proven. 

Gengou,  also,  by  collecting  the  j/fasfmi  in  vaselined 
tubes,  found  it  often  to  be  almost  devoid  of  bactericidal 
power,  whilst  the  corresponding  jn'nrin  in  capable  of  de- 
stroying large  numbers  of  niicro-orgauisms. 

We  therefore  see  that  while  the  blood,  lymph,  and  otlier 
Huids  and  tissue  juices  midoubtedly  exert  more  or  less 
germicidal  action  on  bacteria  o\[>erimentally  in  vitro^  there 
is  often  a  marked  difference  between  the  circulating  blood 
and  the  blood  Ift  ritroy  in  this  respect*  and  it  must  be 
doubted  if  this  factor  is  of  great  importance  hi  the 
pi*oduction  of  natural  immunity. 

AVhen,  however,  the  organism  is  actually  invaded  und 
tissue  damage  and  cellular  disintegration  have  <jccurred,  it 
is  conceivable  that  germicidal  substances  are  set  free  and 
help  in  getting  rid  of  the  invailers  (tliough  Huch  substances 
may  act  rather  by  stimulatiug  the  leucocytes,  as  will  be 
referred  to  later,  p.  188). 

Thus  Kanthack  iind  Hardy  found  that  the  coarsely 
granuhii'  uxyiiliik;  leucocytes  in  the  frog  are  Ih'st  attracted 
to  the  site  of  a  bacterial  invasion,  there  discharge  their 
oxyphile  granules,  the  bacteria  then  sliuw  signs  of  de- 
generation, and  polymorphonuclear  leucocytes  and  other 
'phagocytic  '  colls  now  approach  and  ingest  the  degenerate 

'  Juurn,  Itvjj.  Ainnj  Mcti.  Corps. 
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The   obeervations,    however,    do  not   seem    to 

conlirmed.     Wooldridge  also  protected  animak 

|hras  by  injections  of  *  tissue  fibrinogeu  '  (nucleo- 

The  hypothesis  whiL'h  iiscribea  imin unity  to  the 

k1  ftutioii  of  alexins  in  the  tiuids  of  the  body  ha^ 

led  the  *  humoral  theory/ 

lei-  iitipoitani  theory  of  immunity  ia  the  doetrine 
jytosis,  BO  ably  supported  by  Metchnikoff.  This 
illular  *  iheury  of  immuuity.  It  has  as  its  basis 
ing  fundamental  facts  :  Firstly,  the  leucocytes  in 
iating  blood  ingest  and  destroy  any  foreign  par- 
isent  therein  ;  secondly,  an  injury  to  the  tittsuew  18 

dy  foUowed  by  an  inflammatory  reiirtion,  in  which 

■tee  emigrate  from  the  vessels  by  diapedesis  and 
I*    Eit    tliB    injured    wput.      Similarly,    in    many 

lliti  Itiucocytes  rapidly  Lon^reftato  at  the  Heat  t>f  a 
|infettiou,  and  approach  and  engulf  tlio  bat-loi'ia  in 

manner  as  they  do  other  foreign  nartitdes,  and  so 
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however,  a  weak  acid  be  nubstituteil  for  the  peptone  water, 
the  biicilli  vdll  be  repelled.  The  process  by  which  the 
bacteria  ore  ingested  by  the  leucocytes  can  be  similarly 
watched.  The  leucocytes  which  act  in  this  maauer  are 
termed  phagocytes,  and  they  are  of  two  elaases— the 
macrophages,  the  large  mononuclear  leucocytes,  and  the 
smaller  microphages,  or  ]>olymorphonuclear  leucot^ytea. 
Certain  of  the  tissue  cells  and  endothelial  cells  also  ikmsoss 
phagocytic  proj^rties.  That  an  acquired  immunity  may 
be  due  to  the  education  of  the  leucocytes  seems  to  be  shown 
by  the  fact  that,  while  in  ordinary  susceptible  rabbits 
infection  with  anthrax  is  followed  by  a  feeble  phagocytosis 
and  the  animals  succumb,  in  rabbits  vaccinated  against 
anthrax  phagocytosis  is  very  active.  Moreover,  in  an  animal 
refractory  to  anthrax,  such  as  the  frog,  if  the  liacilli  Ixj 
enclosed  ui  minute  bagn  of  paper  or  membrane,  so  as  to 
prevent  the  access  of  the  phagocytes,  the  bacilli  grow  and 
multiply.  An  immense  amount  of  exi»erimentai  proof  has 
been  obtained  by  Metchuikoll'  and  his  pupils  of  the  truth  of 
the  doctrine  of  phagocytosis ;  but  in  spite  of  their  ingenuity, 
the  theory  has  not  a  universal  application,  and  phagocytosis 
alone  will  mit  explain  some  cases  of  iiumuuitv,  particularly 
against  toxins.  However,  as  Metchnikort*  observes,  under 
natural  conditions  it  is  against  the  punetratitjn  of  the  micro- 
onjuniatm  that  the  animal  must  be  protected. 

Metchnikol!  has  so  far  moditiod  his  theory  as  lo  admit 
that  destructidu  of  bacteria  in  phagocytosis  is  brought 
ulM)ut  by  cheTuiciil  bacteriolytic  subst/mcies,  whiuh  he  terms 
*  cytases,*  and  which  he  regards  as  being  derived  from  the 
leucocytes,  and  to  l>e  identical  with  the  alexins.  lie 
believes  that  there  s-re  two  kuuls  uf  cytases,  one  *macnj- 
cytase,"  obtainable  from  tissues,  such  as  Lheb[ile^naudlympli 
glands,  rich  in  uiacrophages.  which  acts  specially  on 
elements  of  animal  origin,  the  uLlier  '  mifrocylase,'  derived 
from  the  micruplmges,  and  which  acta  principally  on  micro- 
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.     He  considers  the   alexic   action  to  be  of  the 
[V  digestive  process  (but  this  is  doubtful),  and  ar 
IB  complex  nature   of  a   cytolytic  serum,  which 
iiuboceptor  and   complement,  believes   that  the 
n  is  i)roUuced  from  the   macrophages  in  intra* 
igeation   and  that  a   iH>rtion  of   it  escapes  int^i 
1.     All    the    facts    ^Kiint   to   the   leueocyteK  and 

tissues  being  the   gi'eat   defensive   mechanisms 
ftrasitic    invasion,    either   by   the   production   of 

by  phagocytosis,  or  by  a  combination  of  thw  two 
ilo-humoral  *  hypothesis  of  immunity). 
ed  immunity  may  be  induced  in  several  ways  : 
an  attack  of  the  disease  ending  in  recovery. 
vaccinatmg  with  a  modilied  and  lesH  virulent  form 
ictive  agent  (Pastem-'s  method). 
one  or  more  treatmeufeh  with  Hterihzed  cultures,  or 
■ee  toxina. 
injeetiun  of  the  blood  serum  frtmi  an  animal  treaieil 
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ooiild  not  again  grow  in  tbe  uuiuiitl  wlikli  had  been  allacked. 
This  hypothesis,  therefore,  jireHUpiMjseH  thut  in  the  Ijutly 
thert;  ia  some  nutrient  materiul  net'easary  for  ilie  f;ro\vtti  of 
each  species,  wliich  is  difficult  to  believe,  and  is  negatived 
by  th«  fart  that  an  organism  will  grow  in  the  blood  and 
tissues  removed  from  an  animal  vaccinated  against,  and 
insasceptil>le  to,  the  disease  produced  by  it. 

Pasteur's  *  exhaustion  '  theory  has  been  revived  by  Ehrlich  ' 
in  a  nioditied  form,  under  the  tianic  of  *atrepay,'  tu  explain 
certain  cases  of  immunity.  Thus,  for  a  chemical  poisou  to  act, 
Ehrlich  assumes  that  {^articular  receptors  in  the  protoplasm  for 
binding  the  puisou  are  necessary ;  those  ho  teniis  *  clienio- 
receptors.'  Bird-pox,  virulent  for  l»tb  fowl  and  pigeon,  if 
passed  through  the  pi«,'eon  becomes  completely  avindenfc  for  tho 
fowl.  To  explain  this,  Khrhch  suggests  that  tho  pjiraaito  in 
passing  through  the  pi^joon  hius  to  assimilate  Biibstaneos  different 
from  those  a.ssirailat«d  diuiiig  its  jjassagc  through  the  fowl  ; 
therefore  that  part  o£  thu  rt^c'^Jtors  wliich  deals  with  tho  nutritive 
substances  of  tho  fowl's  organism  is  not  in  use  during  the  |wiasagc 
through  the  pigeon,  and  luay  become  atrophied,  so  that  on  the 
panwite  being  transferred  back  t;>  the  fowl  it  would  nut  hv  ablu 
to  thrive  owing  to  the  loss  of  the  receptors  necessary  toaHsiuiilatc 
the  fowl's  nutritive  substances.  Ehrlich  suggests  that  tho 
majority  of  non-pathogenic  micro-organisms,  if  introduced  iuto 
the  animal  body,  perish  by  this  mechanism.  In  the  ease  of 
mouse  carcin;>um  inoculated  into  iiits,  thu  tnniuiir  cells  pro- 
liferate for  a  few  dayw,  then  atro]jhy  and  disap[«:'ar.  Khrlich 
suggests  that  some  spocitic  vubstauce  is  necessary  for  tiie  proli- 
feration of  mouse  cnrcincmaa  cells  which  is  not  present  in  the 
rut,  and  as  soon  as  tho  briuies  of  this  s^iecilic  substance  Ciirrid 
over  by  the  inoculation  are  used  up,  the  cancer  cells  cease  to 
prolifemte  jiud  finally  atrophy  and  disappwir.  Those  are  examples 
of  Ehrlich's  'atrepsy'  anl  'ati-eptic  iminanity.* 

CImuveuu    in  his  retention   theory  Kuggested    that  th^ 
bacteria  during  their  growth  in  the  tissues  formed  subhLauceH 

'  Ilnibfii  Ticcturc,  ii.,  Juuni.  Ho0,  Irut.  I'nhlic  lUttUht  1U07. 
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which  ultimiitely  inhibittjd  their  growth,  and,  if  the  uiiiraal 
reeoveretl,  prevented  il  Bubnequeut  development  of  the 
ur^^iitiimii. 

Thti  *  education '  of  the  leucocytes  whereby  they  are 
attracted,  instead  of  being  repelledj  by  a  bacterial  invasion, 
may  be  the  result  of  an  attiick  of  infective  diseaHe  ending'  in 
recovery,  and  ho  an  awiuired  iinmonity  from  the  particuhir 
infection  may  be  brought  about. 

Khrlich  hy  his  fhiHsit-al  experiments  with  aljriii  and  ricin, 
two  toxic  pLoteidn  obtained  from  the  jequirity  and  cahtor-oil 
beans  respectively,  showed  that  acquired  immunity  is  of  two 
kinds,  one  '  active/  as  he  termed  it»  of  lonn^  duration,  and 
resulting  from  an  attack  of  thu  diseaHs  or  from  vaccination 
with  a  modtiied  virus  and  not  tran8mi»Hible  to  the  fetus ; 
the  other, '  puHsive  immuniiy,'  leHultint^  from  the  insulation 
of  an  animal  with  the  bloud  aorum  (antitoxin  ur  anti-micro- 
bic  serum)  derived  from  another  animal  imminiiKcd  by  the 
injection  of  bacterial  toxins  or  bacteria.  '  PaHHivo  immunity' 
is  soon  lost,  but  while  present  in  transmitted  to  the  fetus. 

Acquired  immunity  may  be  induced  by  inocubitiun  with 
increasing  ijuantities  of  a  bacterial  toxin,  as  in  the  treatment 
of  an  animal  for  the  production  of  antiu»xiii.  The  animal 
finally  acquires  a  high  degree  of  immunity,  which  is  trans- 
mitted to  the  fetus  Ihrou^'h  thti  I)1(hh1  of  the  placental 
circulation  and  to  the  nursling  througii  the  milk. 

Natural  immunity  in  most  cases  is  certainly  not  due 
to  the  prusence  of  antitoxins  ;  for  example,  the  blood  of  the 
fowl,  a  bird  which  is  hif^hly  insuscepLiblc  to  tetanus,  has 
not  the  slightest  antitoxic  i>ower  towards  a  tetanus  toxin. 
Moreover,  in  the  |)reparali(»ti  of  an  antitoxin  by  iujecling an 
animal  with  toxin  tiio  imnuniily  towards  the  toxin  gradually 
increases,  i\.i\d  pari  jxissn  the  antitoxic  power  <>f  tho  serum 
increases  up  to  a  certain  point,  but  then  slowly  and  steadily 
falls,  until  it  is  almost  lost,  yet  the  animal  remains  as  fiighly 
immune  as  ever. 
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It  seeniB,  however,  that  in  certain  cases  the  blood  serum 
has  some  antit03dc  action,  although  the  individual  has  never 
suffered  from  the  disease,  and  this  maj'  render  him  les« 
susceptible  to  infection. 

Thus  Wassermann '  found  the  blood  of  some  healthy 
l>er8on8  antitoxic  as  regards  diphtheria,  and  Orlowski  *  ob- 
served the  same  thing  in  a  few  children,  a  previous  attack  of 
the  disease  having  lieen  exi^luded  au  far  tin  |)oHBible.  That 
Hucb  individuals  have  not  necessarily  passed  through  an 
attack  of  dipblbcria  seemb  proved  by  the  observations  of 
Meade  Bolton*  and  of  Cobbett,'  both  of  whom  have  met 
with  horses  whose  blood  whs  deriuitel3'  niititoxic  as  regards 
diphtherm. 

The  Kpleen  may  have  some  relation  to  immunit}^  for 
exi>oritne(i(:s  by  Tizzoni  and  Cuttjirii  seemed  to  show  thai 
rabltits  coubl  not  be  rendered  refractory  to  leUuius  by 
injection  of  tetanus  antitoxin  after  its  extirpation ;  and 
altlumgh  i?enari(j  tlenies  this,  the  manner  lu  which  the 
spleen  is  attacked  in  such  diseases  as  tuberculosis,  plague, 
&c.  points  to  this  conclusion. 

According  to  Ehrlich,  the  progeny  of  an  immune  father 
(immunized  by  the  injection  of  toxin)  and  a  normal  mother 
are  not  rtfractory — if  anylliing,  are  more  susceptible  Lliaii 
conlrol  aiiiuialfi  ;  but  with  immune  mothers  and  susceptible 
fathers  the  immunity  is  transmitted.  Some  exi>erimenls 
by  Tizztjui  and  CatUini  point  to  the  occasional  liansmissiun 
of  some  degree  uf  imiumuty  towards  rabies  through  the 
father  ;  s\ich  imnumity  i>i  ]iernmnent  and  fontnisls  willi 
tlie  transitint  immunity  traiismilletl  thrfxigli  the  maternal 
Mood  or  milk. 

To  sum  up,  natural  immunity  is  piobnMv  dut;  U>  a 
number  of  factors,  some  or  all  of  which  may  be  operative 


'  DcuUch.  Med.  Wochcmchr.  1«94. 

'  JiAirn.  of  KxjH-r.  Med  \.,  IBllfi,  p.  54;!. 

'  Joiiru.  of  Path,  umi  Bad.  in.,  1S1»5. 


•  Ibid.  18W5. 
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r  iiiBtaiices,  and  it  is  im[)08sibl6  to  wtattj  with 
ly  general  law.     In  some  cases  pImgocytoBia  is 
means  of  defence,  in  others  the  iluids  i>f  the 
jiert  ft  germicidal  or  inhibitory  ii^Jiuence  upon 
I ;  in  others,  again,  the  cells  and  tissues  for 
I  are  unatfetted   by  the  bacterial  toxinH,  t>erhapis 
et^Uh  are  lacking  in  the  particular  aide-chaiiii^ 
which  liave  a  special  aftinity  for  the  toxins, 
rds  the  immunity  actjuirod  after  an  attftck  of 
i  luuy  be  due  tu  the  *  education  '  of  the  leucocytes, 
iy  are  attracted,  whereas  formerly  repelled,  by 
tb   of   bacterial  development,  or  to  bubstances 
ilate  the  action  of  the  leucocytes.     The  germi- 
ihibitory  actions  of  tlie  body  tiuids  may  alyo  be 
Tln^re  IB  also  a  pussibility  that  the  Bide-chainfi 
a   having  an  affinity    for  the  toxhi  become  in 
leatrDved  or  ust^d   up,   ho  that  further  lixiitiou 
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altho»i^;h  LoiHlnnan  '  attrib«te<]  n  fltinmlin  action  to  Ihonno- 
HtAble  siibsimices  in  the  soruui  in  typhtud  nud  Malta 
tevers.  8u]»Beqn«intly  ^fetehnikoff  fonceived  the  Herum  as 
acting  not  on  the  lenrorytes  hni  on  !ho  niiernl)e,  oausinfr  it 
to  Itficomo  j)oaitiv(!ly  flinniota^itic  ami  no  l<>ngnr  to  iopel, 
liiit  to  attract  the  phagocytes.  Considerable  support  was 
given  to  thiM  viow  by  the  work  of  Wright  nm]  Douglas,  who, 
by  a  modification  of  Leisliman'w  ingenious  method  for 
quantitatively  estimating  phagoeytoBis,  emphasi;?ed  the  im- 
portance of  the  fienmi  in  the  niechanism  of  phagocytosiB, 

Leishvutn's  Mcthoti  for  Esti'inatin^j  Phagoci/toaiji,' — A  thin 
Buspensioa  oE  some  niicro-orgnnisni,  e.g.  M.  ptfogmes,  is  mixed 
with  ivn  ty[iuil  volunio  of  blood  from  the  fingi^r,  a  droplet  of  this 
mixtnrr*  is  plrtcctl  on  a  clean  slide,  ami  covernl  with  a  eovur- 
Slaaa,  and  tbii  preparation  is  at  i>nc4)  placofl  in  a  moist  chamljcr 
in  tbo  iiicultatoi'  ut  87^  (■.  for  half  an  lionr.  At  th(^  ond  of  this 
tinio  it  ia  takon  out,  the  covor-glasa  Hlipp^^d  oft',  and  tlie  filmn 
on  sliilt*  and  rovcr-t^laf^s  aro  dried,  \i\M,  stained,  and  examine^l 
microscopicallyf  and  the  number  of  nncrol>cs  ingested  by  the 
polymorphonuclear  Icacocyles  counted. 

Wright  and  Douglas  ^  found  that  washed  leucocytes 
witltont  Hprurn  an^  non-pbafjocytir.  but  become  ro  on  the 
addition  of  normal  soium.  If,  however,  tho  serum  bo 
first  heated  to  tiO''-65"  C.  before  beinff  added  to  the  mixture 
of  leucocytes  and  mIcroI>es,  phagocytosis  does  not  take 
place  ;  tnit  if  tbennheated  serum  in  mixed  with  tho  I)acteria, 
the  mixture  kept  at  87^  C.  for  fifteen  minutes  and  then 
heated  to  flO"  C.  for  fifteen  minutes,  phagocytosis  can  still 
take  place,  thus  demonstrating  that  the  serum  acta  in  some 
way  on  the  bacteria,  rendering  them  suitable  prey  for  the 
phagocytes.     This   thermolabile   serum    feast  preparer  is 

•  Tranx.  Path.  Soc.  Loml.  Ivi.,  1905,  p.  344. 

'  Brit,  Med.  Jottm.  1902,  i.  p.  73. 

"  Pr.tf.  Hoy.  Sf>c.  Lond.  B.  Ixxii..  1903.  p.  357  ;  B.  Uxiii..  1904.  p.  128 ; 
B.  Ixxiv.,  I90n,  pp.  147,  159;  B.  Wxvii.  1907,  p.  211.  Also  in  Practition^, 
Mftjr  1908 ;  various  papers  in  hancet  Hn*!  firit.  Mtd,  «/o»rn. 
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rallnd  by  Wri|^lit  and  Drmglaa  'opaoiuu*  (from  a  Greok 
word  meaning  '  to  cater  for  '), 

They  have  also  nbowit  that  iliiring  the  procesB  of  active 
immunization  the  opHonic  value  of  the  Horum  i.H  increased, 
aitd  they  have  Huoceedod  in  domonstratin^  this  (Opsonic 
imnuntity  for  a  number  of  infections,  such  as  the  staplnio- 
coceic,  Malta  fever,  pneumococcic,  and  tnl)erculous.  Lf  it 
be  desired  to  measure  the  quantity  of  opsonins  present,  say 
in  a  case  of  furunculosis,  whicli  is  ahnoHt  always  caused  liy 
the  M.  jiJjtKjejteit,  the  following  are  required  :  (1)  a  dmp 
or  80  of  the  patient's  serum  ;  (2)  a  drop  of  serum  from  a 
normal  person  ;  (H)  a  suspension  of  a  culture  of  M.  pi/a- 
(jrui-K  \\\  salt  sohiUon.  preferably  derived  from  the  furuncle; 
(-1)  loueooytes  washed  free  from  the  iilasma.  Equal  volnnies 
r>f  the  patient's  soruni,  leuc* Kbytes,  and  suHpcnsiftn  are  mixed, 
drawn  up  into  a  capillary  tld^e,  iiicuhated  for  fifteen  minntea 
at  !i7'  C,  and  fihns  tlien  prepared  and  ^^tained.  Ah  a  control 
a  similar  mixture  is  prepared  and  treated  in  the  name  way, 
but  using  the  normal  serum  inste^id  of  that  of  the  patient. 
The  films  are  then  examined,  and  the  number  of  cocci  taken 
up  by,  say,  tifty  leucocytes  is  counted  in  the  two  speciiiienK, 
and  a  ratio  obtained.  Taking  the  figure  for  the  normal 
serum  as  1,  that  for  the  i>atieni's  serum  will  probaldy  be 
0*'i  or  0-(i,  and  this  is  termed  the  '  opsonic  index '  (.see 
below,  p.  llt^i). 

In  subacute  and  chronic  local  infections  the  (tpsonic 
value  of  the  serum  is  usually  diminished,  occasionally 
increased.  In  acute  infections  the  index  will,  as  a  rule,  bo 
li)W  ;  in  chronic  infections  which  ai'e  not  slriclly  localised, 
ti,g.  tuberculosis,  the  index  will  sometimes  be  low,  sometimes 
higli.  A  low  index  generally  indicates  an  infection,  or  a 
]f)W  power  of  resistance  to  the  particular  orf»anism.  A  hi^li 
index  usually  iiidicates  that  the  person  luLshad  an  infection 
but  has  overcome  it.  The  normal  index  for  healthy  persons 
varies  only  within  narrow  limits,  from  about  0*H  to  1'2  as 
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extremes  :  nn  index  Alx)re  or  l)elow  Ihene  values  is  therefore 

probably  pathologioal. 

By  iojecting  Btuall  qnantities  of  a  vaccine  consisting  of 
a  killed  nnltnre.  tuberculin,  «.tc.,  the  njwonio  index  can  \te 
raised,  and  the  inftfction  thereby  tends  to  be  ciire<L  The 
first  effect  of  the  injection  is  to  cause  a  fall  in  the  opHonic 
index,  the  *  negative  phase '  of  Wright,  which  is  usually 
afterwards  followed  by  a  rise,  and  by  proi>erly  spacing  the 
injections  a  considerable  rise  in  the  opsonic  value  may 
ultimately  result.  If  too  much  vatcine  be  given  the  etfect 
may  ]te  to  permanently  ilepreas  the  index  and  cause  harm 
instead  of  good,  hence  the  tlesirability  of  controlling  all 
iiijortions  liy  determinations  of  Lho  opsonic  index.  By 
movement,  massage,  cVc,  applied  at  or  about  the  seal  of  a 
local  infection,  bacterml  products  are  disseminated  which 
may  alter  the  indc\  ;  a  process  of  auto-inoculation  may 
thuH  renull. 

The  opsonic  index  may  be  useil  for  diagnostic  purposes; 
ft  low  or  higli  opsonic  value  towards  a  partii^ilar  organism 
suggests  that  an  infection  by  tin's  organism  (ixistH  or  has 
recently  existed, 

Bulloch  camn  to  the  conclns!«>n  ihut  the  bUiod  contains 
a  number  of  specilic  opsonins,  one  for  tubercle,  another  for 
M.  ptjogrnes,  and  so  on.  Simon,  Lamar,  and  Bispham,' 
however,  from  a  nnmlier  of  carefully  devised  experiments 
conclude  that  siKH'iiicity  of  opsonins  does  not  exist,  and 
suggest  that  opsonins  may  be  a  constant  quantity,  and  that 
the  number  of  organisms  taken  up  by  the  leucocytes  is 
inlhienced  by  a  second  unknown  and  variable  factor. 

Hussell '  also  conclndes  that  in  jwnnal  serum  the  op- 
sonins are  *  common  *  and  not  s|HH'ific,  and  can  be  leuntved 
by  a  number  of  bodies.  In  immmie  serum,  on  the  other 
hand,  both  *  common  '  and  *  immune  '  opsonins  are  present, 

'  Jaunt.  Exjifr.  ^ff4.  vol.  viii.,  li»(Ml,  p.  fi"»l. 

'  John$  Hopkins  Uotp.  BtitL  xviii.,  liM»7,  p.  •i'S2. 
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l>oiiif*   (niite   Ep«^eific\     That    is   to   way,  in  tbe 

iiiiiiiunization  ftpecific  opfloiiins  are  formsfl^  and 

10  of  opKOjiiriM  following  injection  nf  a  vacoine  is 

lie  to  the  formation  of  immune  opsonins  which 

i.nd   ^[rtrtin  ^  l>e]ieve   that  in   immime   aenini  a 
inmne,  thermoBtable  opBonin  is  present,  and  also 
thei-raolabile  opsonin. 

i  considers  the  opsonins  to  hp  KiihstanceR  distinct 
MevH,  but  MetclniikolT,  Dean,  and  other  observerfi 
lat  they  are  identical  with  the  '  Rubstance  sensi- 

lonie  niGthwl  has  iKjen  crifciciHetl  of  lats.     Tbna  Mors  ^ 
K'  of  tbo  preaeiit  methods  nf  estimating  tbn  opsonic 
tJiB  bloo<]  flopiiis  swlTicif^ntly  ftcciirnto  to  be  of  pmctic^vl 
jr^tuuld,  Wbitemai^  tmd  Strftogeways,^  in  an  ekboriLtc 
>n,  concluded  tbat  tbo  method  is  uni-eUable,     Whereas 
esintonccouiit  tbo  sorunionly,  Shattock  and  Dudgeon  ' 
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3.  A  suspension  of  the  organism  for  which  the  deter- 
minutioD  is  to  be  made. 

4.  A  suspension  of  living  leucotiytes. 

5.  Several  Wright's  pipettes  with  indiarubber  teats  or 
iiippleH. 

1  and  2.  The  Sera, — These  two  Hijecimens  should  be 
taken  at  about  the  Bame  time,  and  the  determination  should 
be  made  as  soon  as  possible,  certainly  within  a  few  hours 
of  taking  the  samples. 

The  blood  is  preferably  collected  in  a  Wright's  capsule 
(tig.  34,  d).     Both  ends  of  the  pipette  are  broken  off,  and  the 


Fia.  34. 

rf.  OUias  plprtte,  with  IndlardUber  t«at  for  opaonle  d«t«rmtiuitloiu,  Ac. ;  b  dhowi  fenlarged) 
the  ooDtracteil  extrcuiltj-  uf  the  pippttc :  <  iluiirB  Uie  item  ol  the  pipette,  contKiniog 
tbe  equal  volamo)  of  wniai,  leiicouj'tfr  noapcnsloD,  Hiid  boctcritil  trtupeiuioii,  t>efore 
mlxliiff;  il  Is  thu  Wrij{lit*i>  oapsuk  tor  coUectltig*  blood. 


blood  is  collected  by  iinmersiiig  the  bent  end  in  the  blood 
as  it  runs  from  a  prick  in  the  ear  or  finger.  The  capsule 
should  be  at  least  one*third  filled.  For  pricking,  a  llat- 
pouited  needle  of  the  Hagedorn  type  is  preferable  ;  a  prick 
with  an  ordinary  needle  does  not  yield  sufficient  blood. 
After  filling,  the  capsule  ia  sealed  in  the  flame,  the  dry  or 
straight  end  being  sealed  first.  After  coagulation  the 
capsule  is  centrifiigalized  to  ohtain  clear  serum  ;  for  this 
purpose  the  capsule  is  hung  by  the  curved  end  in  the 
centrifuge.  Little  change  in  the  serum  ensues  for  two  to 
three  days  if  the  capsules  are  kept  sealed. 

8.  Suspension  of  the  Organism. — In  the  case  of  tubercle, 

13 
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Bad  cultures  can  be  purchased ►     To  prepare  the 
from  this,  Uike  a  Btnall  portion  (about  as  big  as  a 
rice)  and  place  it  in  a  small  agate  mortar  and 
ip  with  the  pestle;  then  add  1-5  per  cent,  salt 
rop  by  drop  until  about  2  c.e.  have  been  added, 
I  to  grind  meanwhile.     This  f^ives  an  emulsion 
tains  isolated  bacilli  as  well  as  clumpa.     These 
at  be  got  rid  of,  and  to  do  thia  ife  ia  necessary  to 
lize  for  three  or  four  minutes.     With  the  tubercle 
nd  gonococcus  HpontaneoUH   phagocytosis  is  apt 
[  ordinary  salt  solution  is  used. 
phylococGic    emiileion  is  prepared  by  taking   an 
ire  not  more  than  twenty-four  hours  old,  adding 
ion,    and  shaking  gently  so  as  to  wash  off  the 
When  the  enuileiou  is  made  it  must  be  pipetted 
small  tube  and  centrifugalized  for  a  few  minutes. 
sion  must  not  be  too  thick,  otherwise  Ihe  leuco- 
tiik^n^T^incountabl^Qumbe^ 
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person  is  then  pricked  in  the  ear  or  finger,  and  hia  Mood 
is  allowed  to  drop  into  Mie  fluid  until  1  c,c.  or  more  Ims 
been  collected.  The  tube  is  tlien  put  into  the  centrifuge, 
very  exactly  couiiUtrhnhinced,  and  centrifugalized  until  all 
the  corpuscles  have  come  to  the  bottom  and  the  supernatant 
tiuid  is  left  clear.  If  the  deposit  is  closely  examined  the 
red  corpuscles  will  be  seen  to  be  at  the  bottom,  whilst 
above  them  there  is  a  thin  wbitiHh  layer  of  leucocytes. 
Then,  with  a  capillary  pipetto  armed  with  an  indiarubber 
nipple,  or  with  a  syringe,  the  whole  of  the  clear  fluid  is 
pipetted  nff  as  dose  aa  possible  to  the  leucocyte  layer,  but 
without  disturbing  the  latter.  The  tube  is  then  filled 
with  saline  solution,  the  blood  and  fluid  are  mixed,  the 
mixture  i.s  centrifngalized,  and  the  clear  fluid  again 
pipetted  off,  and  this  process  of  washing  is  repeated. 
Next,  the  leucocyte  layer  with  the  upper  layer  of  red 
corpuscles  (which  also  containR  leucocytes)  is  pipetted  oif 
into  a  small  tube,  and  the  whole  is  thoroughly  mixed  by 
repeatedly  sucking  into,  and  expelling  from,  the  pipette. 
The  reault  is  a  Ruspenaion  of  living  leucocytes  mixed  with 
red  corpuscles. 

5.  Wright's  Pipettes  with  Indiarubber  Teats, — These 
are  made  of  glass  tubing  drawn  out  in  the  blowpipe  flame 
into  the  form  shown  in  «,  fig.  34,  which  is  two-thirds  full 
size.  Tlie  end  of  the  fine  extremity  should  be  contracted 
as  shown  in  h.  Glass  tubing  must  be  chosen  which 
proi>erly  fits  the  teals. 

The  Proce-^s. — 1,  Prepare  a  pipette  by  placingan  india- 
rubber  teat  on  the  thick  end.  Then,  with  a  grease  pencil 
or  with  pen  and  ink,  make  a  transverse  line  about  an  inch 
from  the  pointed  end.  The  volume  of  fluid  contained  in 
the  tube  between  the  point  and  this  mark  ia  spoken  of  as 
the  unit. 

*2.  Having  the  patient's  serum  and  the  8usj)en8ion8  of 
leucocytes  and  of  bacteria  ready  to  hand,  take  the  pipette 


196 


ALVNITAL  01-    BACTERIOLOGY 


k 


1>etween  the  index-finger  and  thumb  of  the  right  hand  and 
compress  the  nipple.  Immerse  the  ^K>int  beneath  the 
surface  of  the  HUHpension  of  liacilli,  and  relax  the  pressure 
on  the  nipple  until  the  emulsion  has  risen  exactly  to  the 
mark  8o  that  one  unit  has  been  drawn  up ;  then  remove 
the  point  from  the  fluid  and  relax  the  pressure  again  ho 
that  a  small  volume  of  air  is  sucked  up.  This  will 
be  quite  easy  if  the  point  is  a  good  one,  otherwise  it 
will  be  diftii'ult  or  impossible,  as  the  column  of  fluid 
will  cither  refuse  to  stir  or  will  oscillate  violently.  Next 
immerse  the  point  in  the  8U3i>ea8ion  of  leucocytes  and 
draw  up  one  unit.  This  will  be  separated  from  the 
emulsion  of  bacteria  by  tlie  bubble  of  air.  Remove  the 
point  from  the  emulsion  and  draw  up  a  second  volume 
of  air. 

Lastly,  draw  up  one  unit  of  the  Herum,  There  will  now 
be  in  the  pipette  (counting  from  the  nipple  towards  the 
point)  one  unit  of  bacterial  emulsion,  a  bubble  of  air,  a 
unit  of  leucocytes,  a  bubble  of  air,  and  lastly  a  unit  of 
serum  (r,  fig.  34). 

8.  Put  the  point  of  the  pipette  on  to  a  clean  hollow 
ground  slide  or  an  artist's  porcelain  sunk  palette,  and 
express  the  whole  of  its  contents,  and  mix  well  together, 
aspirating  them  repeatedly  into  the  pipette  and  expelling 
without  causing  bubbles.  If  bubbles  form,  a  hot  wire 
brought  near  will  quickly  dispel  them.  When  thoroughly 
mixed,  aspirate  the  mixture  into  the  pipette,  suck  up  a 
short  volume  of  air,  and  seal  the  tip  in  the  flame. 

Then  place  the  pipette  point  downwards  hi  the  incubator, 
or  better  into  a  water-bath  at  8.5'  to  37°  C,  noting  the  time 
exactly,  and  proceed  to  prepare  a  second  pipette  in  precisely 
the  same  way,  usuig  the  same  suspensions  of  bacteria  and 
leucocytes,  but  the  control  serum  instead  of  the  patient's. 
Place  this  in  the  incubator  or  water-bath,  by  the  side  of  the 
other,  noting  the  time  at  which  this  is  done.    When  each 
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pipette  has  been  incubated  for  a  ijiiarter  of  an  hour  it  is 
removetl  from  the  incubator  or  water-bath,  the  end  broken 
off  and  the  nipple  fitted  to  the  thick  end,  then  the  contents 
are  expelled  on  to  a  hollow  alide  or  porcelain  palette  and 
mixed  thoroughly  together.  Films  are  then  prepared.  This 
may  be  done  by  depositing  a  drop  in  the  middle  of  a  large 
cover-glaBB  (1-inch  aquares,  No.  2),  droppin*^  on  to  it  another 
cover-glass  and  <lrawing  the  two  apart.  Or  the  iilma  nnay 
be  made  on  sUdee,  for  which  Wright  recommends  roughing 
the  slides  with  emory  paper  and  spreading  the  drop  with 
the  sharp  edge  of  a  slide  broken  in  half  after  ecratching 
the  side  with  a  file  or  glass  knife.  The  films  then  have  to 
be  stained.  For  Btvphylococci,  streptococci,  pneuiuococci, 
B.coli,&c,,  the UluiB  may  be  fixed  with  formalin  and  stained 
with  carbol-thionine  blue,  or  they  may  be  stained  without 
previous  fixing  with  the  Leishman  atain.  For  tubercle,  the 
films  may  be  fixed  with  mercuric  chloride  nolution  (one  to 
two  mimitea),  stained  in  warm  carbol  fucbsin,  decolorized 
with  2^  per  cent,  sulphuric  acid  in  methylated  spirit,  and 
counter-stained  with  methylene  blue. 

Lastly,  the  films  are  examined  with  the  oil-immersion 
lens,  preferably  with  the  aid  of  a  mechanical  stage,  and  the 
number  of  organisms  contained  in  not  less  than  fifty  poly- 
morphonuclear leucocj'tes  counted.  Parts  of  the  film  in 
which  the  cells  are  broken  down  or  not  well  stained,  or 
cells  containing  obvious  clumps  of  organisms  should  be 
avoided.  The  ratio  between  the  number  in  the  control 
and  the  number  in  the  specimen  prepared  with  the  patient's 
serum  gives  the  opsonic  index.  Thus,  if  in  the  control 
there  are  125,  while  in  the  patient's  specimen  there  are 
75,  the  index  would  be  -jyv=0^6,  i.e.  not  much  more  than 
half  the  normal. 

Preparation  of  Vaccines  for  Treatment  dc. — The  vaccine 
used  for  treatment  is  a  sterilixed,  standardized  suspension  of  the 
infecting  organism,  except  in  the  case  of  tuberculosis,  for  which 
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the  new  tuberculin  (TR)  or  an  analogous  preparation  is  employed. 
In  certain  instances  a.  mixture  of  organisms  is  used — e.g, 
M.  pyogenes^  var.  aureus  and  var.  albuSf  in  some  cases  of  acne — 
and  the  strain  of  organism  isolated  from  the  lesion  is  often  to 
be  preferred.  The  general  principle  of  preparation  of  the  vaccine 
is  to  suspend  a  recent  surface  agar  culture  of  the  organism  in 
4-6  c.c.  of  sterile  1  per  cent,  salt  solution,  to  heat  this  suspension 
to  00°  C.  or  thereabouts  for  half  an  hiiur,  to  make  subcuHurca 
from  the  heated  susponsion  to  control  its  sterility,  and  to  stan- 
d&rdiKe  the  Busponsion  so  that  it  contains  a  piven  number  of 
oPf^aniRins  in  1  c.c.  The  lower  the  toiuperuture  to  which  the 
suspension  is  heated  cotiskt-enl  with  sterilization,  the  more  active 
the  vaccine.  The  standardization  is  usually  performed  hy  Wri^^ht's 
method/  which  may  also  bo  controlled  by  plating  the  diluted 
suspension  before  heating,  and  by  ascertaining  by  weighing  the 
amount  of  dry  residue  in  a  given  volume  of  the  suspension.  In 
Wright's  method  a  volume  of  normal  blood  of  a  male  is  mixed 
with  1  volume  of  the  suspension  by  means  of  a  Wright  pipette 
(fig.  34,  a),  and  this  mixture  may  be  further  diluted  with 
1-5  "volumes  of  salt  solution  if  necessary,  and  the  whole  is 
thoroughly  mixed.  Films  of  the  mixture  are  then  made  on 
slides,  the  films  stained  with  Leisbman's  staiu^  and  the  relative 
numbers  of  red  corpuscles  and  of  haoteria  in  the  film  counted^ 
in  a  number  of  fields,  preferably  by  the  use  of  a  high-power  eye- 
piece ruleil  ttith  croRs  lines.  Asriuniing  thfit  there  are  5,OlK),Ol>0 
red  cori}URcle8  per  cubic  luillimotro  of  blood,  the  number  of 
bacteria  per  cubic  centimetre  of  suspension  is  readily  calculated.^ 
Thus,  if  equal  volumes  of  blood  and  suspension  are  mixwl  and 
the  number  of  red  corpuscles  and  of  bacteria  are  approximately 
equal,  the  suspension  evidently  contains  5,000,000  organisms  per 
cubic  milhmetre,  or  5,000,000,000  per  cubic  centimetre.  A 
staphylococcic  suspension  <jf  an  agar  culture  in  10  c.c.  of  salt 
solution  will  probably  contain  about  150O-80OO  million  organisms 
I>er  c.c.  It  is  necessary  in  all  cases  before  mlminiatering  the 
vaccine  to  make  a  count  of  the  number  of  organisms  it  contains 
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The   following  table  '   gives   an   idea   of  the  closes  of  vaccines, 
their  toxicity,  und  frequency  of  tnociilation  : 


VftOOlM 

BetattreToxidtx 

Docoi 

Freqnency  of 

IduouUUou 

Taberonlin 

Very  toxi« 

6-lfi  millioiis 

Ever>-  10-11  days 

B.  coli      . 

Ver)*  toxic 

Ever)-  %   6,    or    10 

dayH 

Pweumocoocic . 

Leu  toxic  thiui 

10-SO  miUioni 

ETtry  3ft-48  houra 

B.eoli 

in       puoumouia ; 
every  10  days  in 
chronic  infeotions 

Streptococcic  . 

More  toxic  than 
pneumococcic 

20-00  uiillionii 

Everj-  7-H  dtty^ 

&fc&tiby1ocoooio 

huB  toxic  than 
eiroptocoocic 

lOO-lUOD  millinns 

Ever}*  10  days 

if.  meliiengu  , 

^  iq.  cm,  o(  Bar- 
fiH-e  agar  ctUture 
(becauM       very 
diflluulttocuunl) 

Evvry  7-14  day« 

Gonococcic 

BUgbtly  toxic 

100-£00  milliona 

Every  7-li  days 

I 


The  smaller  doses  are  given  at  the  oommencement  of  the  treat- 
menti  and  the  doses  are  gradually  increased.  The  effects  of  the 
treatment  and  regulation  of  dosage  are  controlled  by  opsonic 
determinatioiis,  at  least  in  the  earlier  stages,  and  at  intervals 
Uter. 

ADDENDUM. 

Anaphylaxis  is  the  term  applied  to  the  property  which 
certiun  toxins  possess  of  increaning,  instead  of  diminishing,  the 
susceptibility  of  an  organism  to  thfcir  action,  thw  result  buiu!^  that 
after  an  animal  has  received  a  first  dose  with  impiiniLy,  the 
administration  of  a  second  dose,  no  larger  in  amount,  produces 
aevoro  intoxication.  This  may  occur  with  toxins,  soruni,  etc, 
(see  '  SupersensitatioD,'  p.  149). 

Bactekiotkopinks.— This  name  was  given  hy  Neufeld  and 
Rimpau  to  substances  found  in  the-  serum  of  artificially  im- 
munized animals  which  acted  upon  bacteria  in  such  a  way  as  to 
promote  phagocytuais.     They  may  bo  identical  with  opsonins, 

HAPTiNEs.—  Ehrlich  has  termed  the  diverse  free  receptors, 
cast  off  into  the  body  lluids  in  various  Circumstances,  'haptines/ 
e.g.  antitoxin. 

>  Sec  Harris,  Practitioner^  May  1908.  p.  (>47. 
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CHAPTER  VI. 


BUPPURATION    AND    BEPTIC    CONDITIONS. 


The  aubjects  of  septic  infection  and  of  suppuration  are  of 
great  practical  importance,  and  a  knowledge  of  their  a-tiology 
is  one  of  the  main  factors  which  have  conduced  to  the  great 
advances  that  were  made  during  the  Victorian  era  in  the 
treatment  of  wounds,  whether  accidental  or  made  by  the 
surgeon's  knife. 

Ogston  in  1881  and  RoBenbacb  in  1884  demonstrated 
that  micro-organisms  are  almost  invariably  present  in  the 
pus  of  acute  abscesaefl,  and  these  observations  were  re- 
peatedly confirmed  by  subsequent  investigators,  A  number 
of  esperimenta  were  then  initiated  in  order  to  aHcerljiin 
whether  these  organisms  bear  a  causal  relation  to  the 
phenomena  of  suppuration  or  are  merely  accidentally 
present.  These  experiments  showed  that  a  large  number 
of  organisms  can  produce  suppuration,  and  render  it  certain 
that  in  ninety-nine  cases  out  of  a  hundred  the  suppurative 
and  septic  conditions  met  with  spontaneously,  or  occurring 
after  surgical  iritrnference,  are  due  to  tlie  action  of  micro- 
organisms. The  chief  of  these  are  several  micrococci 
(commonly  known  as  staphylococci^  and  the  infections 
which  they  produce,  as  staphylococcic  infectiona)  and 
streptococci. 

Under  the  terms  suppuration  and  septic  diseases  are 
included  such  varied  conditions  as  abscesses,  boils  and 
carbuncles,  cellulitis,  osteomyelitis,  erysipelas,  gonorrhoea, 
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infective  endocarilitis,  pyaemia,  sopticcemia  and  sapra^mia, 
puerperal  fever,  and  hospital  gangrene. 

As  ■will  be  gathered  from  the  descriptions  of  the  indi- 
vidual organisms,  suppuration  maybe  set  up  by  inoculation 
with  several  species,  and  a  number  of  experiments  by 
various  observers,  carried  out  by  inunction,  subcutaneous 
inoculat!<in,  and  inoculation  into  the  nerous  cavitieH  and 
circulation,  have  conclusively  proved  that  this  is  the  case, 
not  only  in  animals,  but  also  in  man. 

A  problem  of  ^^eat  importance  is  whether  micro- 
organisms are  usually  the  cause  of  suppuration,  or  whether 
mechanical  injury,  chemical  agents,  &c.  can  also  produce  it. 
Mechanical  injury  alone  doi^s  not  seem  to  be  capable  of 
inducing  pus  production,  but  it  is  otherwise  with  regard  to 
chemical  agents.  For  a  long  time  considerable  difference 
of  opinion  existed  and  discordant  results  were  published. 
These  discrepancies  have  now  been  cleared  up,  and  are 
found  to  depend  upon  the  method  of  experiment  and  the 
particular  animal  and  chemical  agent  employed.  That 
chemical  agents  should  produce  suppuration  was  only  to  be 
expected,  for  it  would  be  against  analogy,  derived  from  all 
other  bacterial  diseases,  if  the  pyogenic  organisms  do  not 
protluce  suppuration  through  the  chemical  substances  formed 
by,  or  present  within,  their  cells,  and  if  these  chemical 
Bubstances  act  thus,  why  should  not  other  chemical  sub- 
stances be  found  to  act  in  a  similar  way? 

In  experiments  with  chemical  agents  the  greatest  care 
has  to  be  taken  to  exclude  the  entrance  of  micro-organisms. 
This  is  best  done  by  sealing  the  sterilized  substance  in  steri- 
lized fusiform  glass  tubes  and  introducing  these  under  the 
skin  or  into  the  tissues  with  strict  aseptic  precautions. 
When  the  wounds  have  completely  healed  the  tubes  are 
broken  by  pressure  and  their  contents  allowed  to  diffuse 
into  the  surrounding  tissues. 

Sterilized   cultures   (at>ove  a  certain  amount)  of  the 
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MicrococntH  pyoge?i€s  and  a  orvHtrtlliiie  l>ody,  phlogosin, 
obtained  by  Leber  from  its  cultiires»  produce  abscesBBH 
on  inoculation.  Mercury  produces  suppuration  in  the  dog, 
but  not  in  the  rabbit  ;  ailver  nitrate  (5  per  cent.  Bolution) 
haB  a  similar  action.  Ammonia  fails  to  produce  pus  ;  it  ia 
either  absorbed  witbout  damage,  or  if  in  Hlronger  Bolution 
produces  necrosis  of  the  tissues.  Turpentine  produces 
large  sterile  abbceBsea  in  carnivora,  and  Brieger'w  cadaverine 
18  likewise  stated  t-o  set  up  suppuration. 

Bucbner  was  also  able,  f>v  warming  various  bacteria  with 
0"5  per  cent,  caustit.'  potabh,  to  obtain  a  solution  coutainiuf:^ 
protein  which  was  powerfully  pyopjenic,  and  Nannotti  found 
that  BteriliKed  pus  hud  a  wiinilar  property.  It  thus  seeniH 
certain  that  a  number  of  chemical  substances  can  set  up 
suppuration.  At  the  same  time,  it  must  be  clearly  recog- 
nized that  suppuration  and  suppurative  complications,  as 
they  occur  naturally,  are  to  be  regarded  as  due  to  the 
activity  of  micro-organisms  in  almost  every  instance. 

Of  so-called  *  septic '  diseases,  saprtemia,  septicffiniia, 
and  pyfEiuia  muHt  be  mentioned.  By  '  aapncmia '  is  meant 
the  constitutional  condition  arising  from  the  absorption  of 
the  toxic  products  elaborated  by  micro-organisms,  the  latter 
being  localized  and  absent  from  the  general  circulation. 
In  the  acute  form  it  is  not  a  common  condition,  the  best 
example  being  that  which  occurs  after  parturition ;  by 
simply  clearing  and  washing  out  the  uterus  the  symplomK 
rajfidly  abate.  In  septicaemia  not  only  ia  there  usually 
(though  not  necessarily)  a  local  site  of  infection^  but  in 
additiun  micro- orgauiHms  are  present  in  the  general  circu- 
lation. It  is  true  they  are  not  abundant  in  the  latter 
situation,  and  Cheyno '  believes  that  they  are  to  a  large 
extent  arrested  in  the  capillaries.  Micrococci  and  strepto- 
cocci are  the  commonest  forms.  PysBmia  is  characterized 
by   the    presence    of    micro-organisms,    most    frequently 

'  Syitem  of  Medic iw,  Clifford  Allbutt,  Ed.  2,  i.  p.  876. 
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streptococci,  in  the  general  circulation  and  in  addition 
by  the  formation  of  abscesses  in  various  situations.  These 
arise  usually  from  suppurative  phlebitis  with  the  formation 
of  septic  emboli  and  thrombi.  The  sequence  of  events, 
according  to  Cheyne  {loc.  cit.  p.  HHl),  ia  (a)  phlcbitih  in 
direct  connexion  with  the  wound,  {h)  a  thrombus  im- 
pregnated with  inicro-organiHius  is  formed  in  tlie  vein, 
[c]  this  softens  and  disiutegiates,  and  particles  or  emboli 
are  carried  to  distant  parts,  {(1)  these  lodge  in  the  eapil- 
larieH  with  the  formation  of  infarctions  and  abscesses. 
Suppurative  pyle-phlebifcis  is  a  pyemia  affecting  the  portal 
system  of  vessels.  As  regards  the  so-called  chronic  pypemia 
or  multiple  abscesses,  Cheyne  considers  that  it  differs  from 
true  pyaBmia  in  that  embolism  plays  no  part.  Organisms 
gain  access  to  the  blood-stream,  settle  in  any  spot  where 
the  vitality  of  the  tissues  is  depressed,  grow  and  multiply, 
and  tliere  produce  an  abscess. 

The  mere  presence  of  micro-organisms  does  not  always 
Buftice,  however,  for  they  may  be  present  without  producing 
suppuration ;  and  the  same  organism,  for  example  the 
Streptococcus  jyyogcnes,  may  at  one  time  produce  a  localized 
abscess,  at  another  diffuse  cellulitis,  and  at  a  third 
pyemia  ;  a  niunber  of  conditions  and  factors  control  and 
modify  the  occurrence  and  the  particular  form  of  septic 
disease. 

As  already  alluded  to  (p.  179),  many  micro-organisms 
when  injected  into  the  blood-streum  are  rapidly  disposed  of ; 
80  when  moderate  quantities  of  the  Micrococcus  pyogeiies 
are  injected  into  the  uirculation  of  a  rabbit,  aljscesses  as  a 
rule  form  only  in  the  kidney.  If,  however,  the  organisms 
be  attached  to  gross  particles,  so  that  they  cannot  pass 
through  the  capillaries*  embolism  occurs  and  abscesses 
form  about  the  embolic  foci.  The  effect  of  i 
and  injury  in  making  a  part  '  susceptible ' 
marked.     Inject  the  M.  pyogenes  into  animi 
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endocardium  or  a  bone  has  been  damaged,  and  iii  alt  pro- 
bability an  endocarditis  or  oateomyelilis  will  ensue.  The 
dose  and  concentration  <jf  the  or^^anisms  are  also  important 
factors.  Watson  Cheyne  found  that  250,000,000  cocci  (M, 
pyiHjf.ueti)  injected  into  tlie  muBcles  of  a  rabbit,  produced 
a  circumscribed  abscess,  but  1,000^000,000  caused  death. 
So,  probably,  while  the  cells  in  a  healthy  wound  can  dis- 
pose of  a  few  orgaaisma,  if  the  latter  are  abundant  or  in 
masses  they  will  gain  the  mastery. 

Micrococcus  pyogenes,  vaiu  auhkus  ( Staph ylococoub 

PYOGENES    At'REUS). 

Morphology  and  Biology. — A  minute  spherical  organism 
measuring  about  0-75  /a  in  diameter.  It  occurs  generally 
in  more  or  less  irregular  groups,  but  may  be  met  with 
singly  or  in  pairs  (Plate  !.,  c).  It  is  non-motile,  does  not 
form  s^Kires,  and  stains  well  with  all  the  anilin  dyes  and 
also  by  Gram's  method.  It  is  aerobic  and  facultatively 
ana*"'robic,  and  will  ^row  in  vacuo.  It  grows  well  and 
rapidly  on  all  the  usual  culture  media  at  temperatures  from 
18°  to  37**  C.  On  agar-agar  it  forms  a  thickiwli,  moist, 
shining  growth,  cream-coloured  at  first,  but  after  a  day  or 
two  developing  a  eh aract eristic  orange-yellow  colour.  It 
grows  in  the  same  manner  on  blood  serum  without  lique- 
faction of  the  medium.  Oelatin  is  rapidly  liquefied,  the 
liquefied  gelatin  being  at  lirHt  somewhat  turbid  from  yel- 
lowish masses  of  organibms ;  these  later  on  subside  and 
torui  an  orange-ytillow  Hndinient  (Fliit(!  I.,  //).  In  gelatin 
plates  the  colonies  form  at  lirst  small  whitish,  granular 
points,  developing  in  two  or  three  days  into  circular  areas  of 
liquefaction  with  yellowish  masses  of  the  organism  floating 
in  them.  On  potato  it  forms  a  growth  similar  to  that  on 
agar.  When  grown  in  milk  it  produces  coagulation.  Acid 
production  (lactic  and  butyric  acids)  can  be  demonstrated 
by  growing  on  a  neutral  litmus  glucose-agar.     When  grown 
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in  broth  or  i.>eptone  water  it  gives  the  indt>Ie  reaction  with 
the  addition  of  a  nitrite,  but  not  without. 

The  rate  of  liquefaction  of  gelatin  and  the  pigment 
production  vary  ;  the  hitter  is  sttmerimeH  much  deeper  than 
at  others,  recently  isolated  cultures  show  it  better  than  old 
ones,  and  the  presence  of  oxygen  seems  to  be  also  necessary 
(see  p.  34).  The  amount  of  acid  productiun  appeiirB  to  vary 
directly  with  the  virulence^  which  is  likewise  very  variable. 

Pathogenicity.  — Th^ Micrococcus pyogeneSfVar.  aureus, 
is  by  far  the  commonest  of  al!  organisms  met  with  in  sup- 
purative processes.  Ogston  found  it  alone  in  thirty-four, 
and  associated  with  the  Streptococcus  pyogenes  in  sixteen, 
out  of  sixty-four  cases  of  almcess.  It  occurs  in  acute 
abscesses,  boils,  and  acne^  in  some  cases  of  puerperal  fever 
and  infective  endocarditifi,  and  is  almost  invariably  found 
in  osteomyelitis,  but  only  occasionally  in  pyaemia.  The 
organism  injected  under  the  skin  of  man  or  animals  pro- 
duces an  abscess,  and  injection  into  the  blood-stream  under 
certain  conditions  is  followed  by  infective  endocarditis  or 
pyffimia.  Impetigo  pustules  are  produced  by  inunction 
into  the  skin. 

It  may  be  said  to  be  universally  present  on  all  parts  of 
the  skin,  and  ia  the  mouth,  and  is  frequently  met  with  in 
the  air.  According  to  Sternberg,  recent  cultures  in  gelatin 
are  destroyed  by  an  exposure  to  a  temperature  of  56"  to 
58^  C.  for  ten  minutes  ;  but  when  dried  much  hi*;her  tempera- 
tures, 90'  to  100"'  C,  are  required,  and  in  the  dried  state  (on 
a  cover-glass)  it  retauis  its  vitality  for  more  than  ten  days. 
According  to  different  experimenters,  from  five  to  fifteen 
raiuutas  are  required  to  destroy  it  with  a  1-1000  mercuric 
chloride  solution;  but  it  is  evident  that  mucli  depends  on 
the  state  of  aggregation  of  the  organisms,  and  Abbott  has 
Bhown  that  while  most  of  the  cocci  in  a  culture  are 
destroyed  in  five  minutes,  a  few  may  survive  much  longer. 

Toxins. — In  a  case  of  infective  endocarditis  examined 
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by  Sidney  Martin/  due  to  the  M,  pyogeneSf  var.  aureus,  a 
large  amount  of  an  albumose  and  of  a  basic  l^ody  was  ex- 
tracted from  the  blood  and  spleen.  The  albumoHe  proLJaced 
fever  and  wasting,  and  retarded  the  coagulation  of  the  blood. 

Lt?be,r  extraetod  a  cryfllitlline  body,  wliich  lie  termed 
phlogoflin,  from  cultures  of  the  M.  pt/ogeneSy  var.  aureus, 
and  Brieger  also  obtained  a  crystalline  base. 

The  deeompositioit  produotH  of  the  action  of  the  Af.  pyo- 
geJif's,  var.  aureus,  on  egg-albumin  are,  according  to  Einmer- 
ling,^  phenol,  indole,  and  skatole^  many  volatile  and  non- 
volatile acids,  hetaine,  and  trimethylamine. 

Anti'Scnnn. — Attempts  have  been  made  to  prepare  an 
anti-serum  by  the  injection  of  cultures,  hut  the  serum  is  of 
no  practical  value.  A  vaccine,  prepared  by  heating  a  sus- 
ponHion  of  an  agiir  culture  to  6t5"  C.  for  half  an  hour  and 
Htandardizing,  has  been  used  with  much  success  in  chronic 
staphylococcic  infections,  such  as  acne  and  boils. 


MiCROOOCCUfi    PVOOENES,    VAR.    ALBUH,    AND    VAR.    CITREUH. 

Micrococcus  EPinERMinis.    Micrococcus  oerexts. 

These  organisms  are  of  rarer  occurrence  than  the  pre- 
ceding one.  In  morphology  and  cultural  characterisfcica 
the  first  two  agree  with  the  Micrococcus  pyogenes,  var, 
aureus,  except  that  the  albus  produces  a  white,  shining, 
porcelain-like  growth,  and  the  citreu/i  a  lemon-yellowgrowth, 
on  agar.  They  are  said  to  Ije  less  patho^cenic  than  the 
anreus,  and  are  only  occasionally  found  alone,  lieing  usually 
associated  with  the  aureus.  Cheyne,  however,  states  that 
in  his  experience  the  aUms  is  more  virulent  than  the  aureus, 
and  mixed  infections  with  the  aureus  are  regarded  as  more 
severe  than  infection  with  the  aureus  alone.  The  aibus 
has  lK>en  found  in  some  cases  of  panoplithalmitiu,  and  is  said 

*  *  Chemical  Pattiologj  of  Diphtheria.' ct'o.,  Gulstoninn  Lectures,  Brt^ 
Mid.  Jonni.  1892.  i.  p.  755. 

•  Ber.  der  Deutsch.  Chen^.  OewUsch,  189fi,  29,  p.  2731. 
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by  Fliigge  to  be  commoner  than  the  aureus  in  the  lower 
animals. 

Andrewea  and  Gordon  '  regard  the  aitrrus,  alhus,  and 
citreiis  merely  as  variants  of  a  single  species,  the  Micro- 
cornis  pyogenrs.  They  found  tliat  every  variety  of  colour, 
from  orange,  through  yellow  to  white,  might  be  obtained 
by  cultivation.  The  Micrococcus  flavescem,  met  with  by 
Babes  in  abscesses,  must  probably  be  placed  in  the  same 
category.  On  the  other  hand,  the  Microrvrcuij  ejiidrrmidis 
{alius),  first  described  by  Welch  as  occurring  on  the  skin, 
in  stik'h  abscesses  *fcc.,  and  feebly  pathogenic  compared 
with  the  M,  aureus,  is  stated  by  these  authors  to  be  i>er- 
fectly  distinct  from  the  foregoing.  Other  organisms  winch 
are  occasionally  met  with  in  abscesses,  the  Staphylacorcus 
cereits  albiis  and  iS-.  cereus  flavus  of  Passet,  form  Bhining 
waxy  growths  on  agar,  and  do  not  liquefy  gelatin,  and  are 
probably  variants  of  anotlier  species,  which  may  be  termed 
the  Micrococcus  cereus.  There  may  be  many  other  varieties 
of  micrococci  not  yet  projierly  differentiated.*-  Well-defined 
micrococci  occur  in  the  saliva  [M.  ttaUvarlus),  and  in  the 
Bcmrf  from  the  scalp,  Andrewes  and  Gordon  give  the 
following  differential  table  of  some  of  these  micrococci : 

Chuf  Typea  of  Human  Microcccri, 
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nep.  Med.  Of.  hoc.  (kyt^.  Board  for  1905-06.  p.  54H. 

See  Gordon.  Hey.  Med,  Off,  Loc.  Gov.  Board  for  1903-04,  p.  388. 
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MlCBOCOCCUS    ZYMOGENB8. 

Isolated  hy  MacCallum  and  Hastings  ^  from  a  case  of  acute 
endocarilitis^  A  minute  micrococcus,  non-motile,  and  staining 
by  Gramma  method.  On  surface  agar  it  forms  a  thin,  slightly 
elevated,  moist,  glistenin;^,  greyish-white  growth.  In  gelatin 
atab-ciilturus  tho  growth  is  somewhat  opaijue  and  granular,  with 
8lt>w  liquefaction,  ISlood  serum  is  slowly  liqucfiorL  On  potato 
a  thick,  moiet,  dirty-white  growth  develops,  becoming  dry  and 
brownish  after  three  days.  Broth  becomes  slightly  clouded  after 
twenty-four  hours'  growth,  but  in  three  to  four  days  the 
organisms  settle  to  the  battom,  leaving  the  medium  clear.  No 
indole  and  no  gas  are  formal.  In  neutral  litmus  milk,  the 
litmus  is  decolorized  after  a  few  hours,  and  in  twenty-four  hours 
the  milk  is  firmly  curdled.  Somewhat  later  liquefaction  of  the 
curd  ensues  from  above  downwards  ;  at  first  the  turbid  fluid  is 
reddish  in  the  superficial  layer  and  yellowj.sh  below,  ultimately 
the  whole  curd  is  transformed  into  a  turbid  liquid  with  a  reddish 
colour  throughout.  These  changes  in  milk  are  characteristic  of 
the  organism.  It  is  pathogenic  to  white  mice,  hardly  so  to 
guinea-pigs  and  white  rats,  and  moderately  so  to  rabbits,  by  intra- 
venous inocubUion  into  which  endocarditis  is  sometimes  produced. 
Harris  and  Longcope '■' have  reported  tivo  more  instances  of  the 
ooourroncc  of  this  organism  {once  from  a  cesspoob  four  times  as 
secondary  invasions  at  autopsies),  and  Birge^  has  isolated  a 
similar  but  less  virubnt  organism  from  the  larynx  of  crows. 

Micrococcus  neoformans. 

This  organism  was  isolated  by  Doyen  from  malignant  growths, 
and  was  supposed  by  him  to  be  the  causative  organism  of 
malignant  disease.  It  is  a  typical  G  ram -positive  coccus,  gi\*ing 
a  white  growth  on  agar  and  liqupfying  gelatin  in  throe  to  four 
days.  According  to  Dudgeon  and  Dunkley,*  it  gives  all  Gordon's 
fermentation  tests  for  the  M.  pyotjenes,  var.  albus^  except  that  it 
does  not  acidify  mannitol. 

'  Joum.  Exp.  Med.  ly.  1899,  p.  .121. 

»  Centr.f.  Dakt.  (1"  Abt.),  vol.  xxx.,  1901.  p.  358. 

*  Jvhns  Hopkins  Hosp,  Bull.  \vi..  1905,  p.  309. 

*  Joum.  of  HygieMj  vii,  1907.  p.  13. 
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The  serum  of  patients  siifForinff  from  mftlipjnant  tliflease  does 
not  give  nuy  markod  agrjlutinalion  with  the  M.  ncoformansy 
nor  does  it  contftin  opsonins  specific  for  the  organism.  The 
M.  iuofonnans  ia  non-pathogonic  for  rats  and  mice. 


StRBITOCOCCUS    PY0OE14ES. 

Next  to  the  Micrococcus  pyogenes^  thie  orgauiHm  is  of 
the  greatest  practical  importance. 

Morphology.— k  non-motile,  spherical  coccna  raeasar- 
ing  about  1  /t  in  diameter.  It  stains  well  with  anilin  dyes 
and  is  Gram-positive. 

Mulliplication  is  bj  fission  in  one  direction  only,  so 
that  chains  of  cocci  are  formed.  In  pus  these  chains  do 
not  usually  contain  more  than  ten  to  fifteen  elements 
(Plate  11.,  a),  but  under  cultivation,  and  especially  in  broth 
cultures,  they  may  be  mutili  longer,  and  occasionally  in 
a  chain  an  irregular  division  occurs,  so  that  a  branch 
chain  forms.  A  cell  here  and  there  in  a  chain  is  often 
somewhat  larger  than  its  feltuwh,  and  some  authors:  have 
considered  these  enlarged  individuals  to  be  arthrospores 
(Plate  n,,  h). 

Cultural  Reactions. — It  can  be  cultivated  on  the 
usual  culture  media,  and  grows  anarrohically  as  well  as 
aerobically.  On  agar,  or  better  glycerin  agar,  it  forms  in 
twenty-four  to  forty-eight  hours  minute  whitish,  semi-trans- 
parent, more  or  less  isolated  colonies  (Date  II.,  c).  On 
gelatin  the  growth  has  much  the  same  characters,  and  is 
better  seen,  as  this  medium  is  clearer  than  agar,  but  it  takes 
some  days  to  attain  the  maximum.  1  n  stab-cultures  it  forms 
minute  spherical  colonies  all  down  the  line  of  the  stab,  but 
does  not  invade  the  surrounding  medium ;  the  gelatin  is 
not  li^juelied.  In  broth  it  forms  n.  Hocculeut  deposit,  the 
tluid  generally  remaining  clear.  It  does  not  develop  on 
])otato,  but  in  milk  it  nr*'o^'-^  well,  usually,  but  not  always, 
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with  coagulation.  Tlie  indole  reaction  can  be  obtained  in 
broth  cultures  in  seven  to  fourteen  days  on  the  addition  of 
a  nitrite,  but  not  without.  It  gives  an  acid  reaction  when 
grown  on  neutral  litmus  glucose-agar.  It  is  the  only 
organism  with  which  the  writer  is  acquainted  that  does  not 
reduce  a  weak  solution  of  methylene  blue. 

According  to  Sternberg,  the  thermal  death-point  of 
Streptococcus  pyogenes  is  52°  to  54**  C,  the  time  of  ex- 
posure being  ten  minuteB.  It  is  destroyed  by  a  two  hours' 
exposure  to  1-300  t'»trln>l]c  acid,  and  l-!240O  mercuric 
chloride  solutions. 

The  .^treptticocru.tpyofjenefi  is  sometimes  found  in  acute 
circumscribed  abscesses,  in  16  per  cent,  according  to 
Zuckerraann  from  an  analysin  of  the  reBults  of  various 
observers.  The  streptococcus  is,  however,  especially  fre- 
quent in  spreading  inflammations,  lymphangitis,  cellulitis, 
and  progresHive  gangrene,  and  is  the  usual  cause  of  pyaamia 
and  puerperal  fever.  It  is  met  with  in  about  one-third  of 
the  cases  of  infective  endocarditis,  occasionally  in  acute 
osteomyelitis,  and  seems  to  be  the  cause  of  the  septic 
pneumonia  sn  offpu  observed  after  operations  about  the 
mouth  and  throat. 

In  erysipelas,  streptococci  are  present  in  the  lymphatics 
at  the  margin  of  the  zone  of  redness.  Tliese  were  first 
isolated  by  Fehleisen,  who  described  the  organism  as  the 
Streptococcus  err/tiipelatisj  and  by  inoculation  experiments 
on  man  and  animals  demonstrated  its  causal  relation  to  the 
disease.  The  experiments  on  man  were  made  in  cases  of 
extensive  and  inoperable  carcinoma  and  sarcoma,  as  it  had 
been  noticed  that  malignant  tumourHwere  frequently  bene- 
fited after  an  attack  of  eryHi])ebis.  Several  rases  were 
inoculated,  and  all  were  successful  with  one  exception, 
typical  eryBijiebiR  developing  (set*  Coloy's  I'^luid,  p.  227). 
Jordan,'  however,  has  found  experimentally  that    typical 

'  Munch,  Mfd.  WocU.  Aur.  '27,  1901. 
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ervsipelafi  may  he  protluoed  in  a  rabbit's  ear  not  only  with 
the  streptococcus,  but  also  with  staphylococci,  pneumococci, 
and  B,  eoli,  and  he  believes  that  although  streptococci 
usually  cause  human  erysijiolas,  this  disease  may  also  be 
produced  by  staphylococci,  and  possibly  by  the  pneumo- 
coccus,  B.  colt,  and  even  the  IL  ttfphosus. 

At  one  time  the  Streptococcus  crysipelatis  was  con- 
sidered to  be  dilTerenl  from  the  Streptococcus  pyogenes^ 
but  the  two  organisms  are  now  regarded  as  identical,  the 
differences  in  cultural  characters  being  slight  and  not 
constant.  Petruschky  '  produced  a  typical  erysipelas  in 
the  human  subject  by  inoculation  with  a  pure  culture  of  a 
slreplococcus  derived  from  a  case  of  suppurative  peritonitis, 
and  Bulloch-  has  shown  that  an  animal  immunised  against 
a  streptococcus  derived  from  a  case  of  erysipelas  is  also 
Immune  against  a  streptococcus  isolated  from  an  abscess 
(but  see  below,  p.  21H). 

The  different  effects  produced  by  the  Streptococcus 
pyogenes^  abscess  m  one  case,  erysipelas  in  another,  cellu- 
litis or  pyppmia  in  a  thirtl ,  are  attributuble  partly  to 
differences  in  virulence,  partly  to  the  seat  of  infection  and 
mode  of  entrance  into  the  bodj--,  partly  to  real  differences 
existing  between  different  races  of  streptococci  (see  below, 
p.  21*2).  Streptococci  have  been  described  in  a  number  of 
diseases  about  which  we  know  little,  such  as  variola, 
scarlatina  (S.  scarlfifiuft  or  co}fglomerafns)^  and  vaccinia, 
but  it  is  uncertain  what  causal  relation  they  bear  to  these 
conditions.  Strangles,  a  disease  of  horses,  seems  to  be 
due  to  streptococci. 

Anti-Scrum. — The  iraix)rtant  lesions  due  to  the  strep- 
toco(icus  and  their  g^rave  nature  have  led  to  the  attempt  to 
prepare  an  anii-serum,  but  many  and  great  experiinc^ntal 
difficulties  have  to  be  overcome  to  do  this.     The  virulence 

'  Zeilsch,/.  Hyg.  xxiii.,  1896,  p.  U2. 

•  TVfltiJi.  Brit.  Insi.  of  Pret:  Ufd.  i..  1897.  p.  fi. 


212 


MANUAL  OF   lUOTEIlIOLOGY 


of  tlie  sireptoeoccns  has  to  ])o  increased  by  passing  it 
through  a  series  of  rabbits,  and  it  is  only  by  growing  it 
in  serum  media  that  satisfactory  cultures  for  the  inocula- 
tion of  the  horses  can  bo  prepared.  Human  serum  is  the 
be;?t,  but  is  ditlicuU  to  obtain  ;  a  mixture  of  asses*  serum 
and  peptone  beef-hroth  comes  next.  Tho  cultures  are 
gYOvm  for  about  a  fortnic^ht  and  are  then  inoculated  into 
horses,  first  killed  and  then  living  cultures  bting  used, 
and  after  a  time  the  blood  acquires  anti-microbie  proper- 
ties. It  is  customary  now  to  make  use  of  a  *  polyvalent  * 
serum,  i.e.  one  prepared  by  the  injection  of  many  strains  of 
streptococci.  The  streptococcus  anti-serum  has  been  em- 
ployed in  erysipebiH,  cellulitiHjpuerjmriLJ  fever,  and  pyicmia, 
in  many  cases  with  apparent  success.  Cheyne  also  sug- 
gests its  use  as  a  prophylactic  before  oporations  about  the 
mouth  and  throat  to  avoid  septic  pneumonia. 

A  vaccine  prepared  by  sterilizing  cultures  with  heat 
may  be  used  with  benefit  in  subacute  and  chronic  strepto- 
coccic infections. 


There  are  slight  rlifferencea  in  the  cultural  clmracters  and 
morphology  of  the  streptococci  derived  from  different  sources, 
and  the  virulence  varies  very  considerably.  Von  Lingi.4sheiin 
has  named  two  varieties,  brevis  and  lomjus,  the  former  rendering 
broth  turbid,  growing  in  short  chftina,  and  being  non-pathogenic 
to  mice  and  rabbits,  the  latter  leaving  the  broth  clear,  growing 
in  long  chains,  and  always  pathogenic  to  theso  animals.  By 
sonii?  these  are  considered  to  bo  merely  accidental  varieties  and 
not  true  species. 

Gordon  *  divided  the  streptococci  into  four  varieties,  viz. 
(1)  the  S.  longuSf  restricted  to  an  or^^anism  forming  exceptionally 
long  chuins ;  (2)  S.  mediuti,  iuclmliiig  the  majority  of  strept*^- 
cocci  from  pus,  sepsis,  and  ery8ipt4as,  and  Lin^elsheim'a  lojigus  ; 
(8)  S.hrevis,  including  Lingelabeim's  brevis  and  the  Diphcoccus 
piuumonuB  ;  (4)  5.  scarlatina  or  conglonieratus.    In  addition  to 


'  Hep.  Med.  Of.  toe.  Oov.  Board  for  lfi9S-fl9,  p.  4H2. 
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differences  between  the  colonies  on  agar  and  gelatin^  the  following 
table  illustrates  other  differences  : 
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tluii.  Ullkuaaall;    tlou.  Marked 


tba  bottom  of  (ht* ] 
t4jbp.  Aold  ns 
attloii.  No  card- 
Umr. 


allKbL 
c-unlUa(r. 


No 


cunlleiL 


tlou. 
cnrdUiig. 


*  WubbDimt  and  Ooadhy  nUkte  that  the  H.  hrtvO  Is  Mte  ootnnioneMft  upvclca  tn  (be  motitfa. 


H  Recently,  considerable  attention  has  been  directed  to  the 
^^-differentiation  of  streptococci  by  Houston,'  Androwes,-  Andrewea 
and  Horder,'  Crordon;'  and  Besredka.''  By  cultivating  in  media 
containing  various  sugars,  alcohols,  glucosides,  Ac,  considerable 
differences  are  found  in  the  biological  properties  of  various  strains 
of  streptococci.  Andrewes  and  Border  distinguish  (1)  Strepto- 
coccus pyogenes^  from  pas,  erysipelas,  celluUtis,  pyscniia  and  septi- 
cwmia,  endocarditis,  &c.  (2)  5.  saliva tiusj  the  common  type  in 
the  saliva.  Also  met  with,  probably  as  a  'terminal'  infection, 
in  endocarditis  and  septicaemia.  Shades  into  the  S.fcecalis  and 
S.  antjinosus.  (SJ)  S.  anf/inosuSt  from  inilamed  and  scarlatina 
throats,  endocarditis,  and  rhoumatiam.  (1)  S.  fcBcalis,  abundant 
in  fieces,  air,  and  dust.  Met  with  also  in  endocarditis,  mening- 
itis, cystitis,  and  suppuration.     Two  strains  of  the  Diphcoccus 


'  Rep,  Affrf.  Of.  hoc.  Gov.  Board  for  IWa-OS.  p.  51 1,  and  1903-4.  p.  472. 
»  Lancet.  Nov.  24,  1906.  "  md.  1906.  ii.  Sept. 

*  Ibid.  Nov.    11,   lOa^i,   ami   Rgp.   Med.    Off.  Loc.   Oov.    Beard    for 
1903  04. 

*  Bull.  <20  Vltist,  Pasitur,  ii.  1904,  Koa.  16  and  17. 
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rfteurnaticus  proved  to  be  thle  organism.  (S)  The  pneumococcus. 
(6)  S,  C'fuinus,  present  in  the  intestine  of  hcrbivora.  They 
remark  Lhat  they  do  not  aaaort  that  these  are  absolutely  defined 
species  ;  at  the  mo8t  they  seem  to  be  8{)ecies  in  the  making,  and 
are  connector!  by  transitional  forma. 

Andrewes  and    Hurder  give    the  following  table  Bum- 
aaarising  the  cliaruclerB  of  the  various  Htreptococci : 
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nuy  be  laukliif .) 


BaOILLUR     PYOCyANETJg, 

This  is  the  orgauiHiu  found  iu  ^reen  and  blue  pus,  and 
it  also  occurs  on  the  surface  of  the  body.  Its  presence  in 
wounds  greatly  retards  hwiling,  and  occasionally  a  general 
toxtemia  may  result  from  it.  It  has  been  wet  with  in  otitin 
media  and  in  the  greeu  pus  of  the  pleural  and  pericardial 
cavitieB.  It  is  u  Blender  bacillus  meaauring  3  to  4  /i,  fre- 
quently united  in  pairs  and  forming  filaments.  It  is  actively 
motile,  doeti  not  form  spores,  and  is  aerobic  and  facultatively 
anai-robic.  It  does  not  etain  by  Gram's  metliod.  On 
gelatin  it  grows  freely  with  rapid  liquefaction,  a  greenish, 
{iuorescent  colour  developing  in  the  liquid,  while  whitinh 
Hocculi  of  growth  sink  to  the  bottom.     On  agar  a  whitish, 
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moist  layer  develops,  and  the  medium  is  stained  a  greenish 
colour.  On  potato  the  growth  in  a  dirty  brown  or  Bome- 
times  greenish. 

Milk  is  noagulated  and  a  greonifih  rolour  develops. 
Broth  becomes  turbid,  and  there  is  a  slight  film  formation 
with  li  greenish  colour.  Oxygen  is  necessary  for  the  de- 
velopment of  the  pigment,  which  is  generally  a  mixture  of 
a  blue  pigment,  pyocyanin,  and  a  yellow  one,  pyoxanthose. 
Pyocyaniu  (C,^H,^N.jO}  in  said  to  be  an  anthracine  deriva- 
tive ;  it  is  soluble  in  chloroform,  and  on  oxidation  yields 
pyoxanthose.' 

Subcutaneous  inoculations  of  a  small  amount  of  a  culture 
produce  local  ahHcesses,  larger  amounts  cause  uulenia  with 
purulent  inliltration  of  the  tissues  and  death.  Animals  can 
be  vaccinated  by  means  of  small  quantities  of  living  cultures 
or  by  sterilized  cultures.  Sterilii^ed  cultures  will  prevent 
infection  (experimentally)  by  anllirax  if  used  early— that  is 
to  say,  if  an  animal  be  inoculated  with  anthrax,  and  shortly 
afterwards  injected  with  a  broth  culture  of  the  BacUius 
pyocijancHSj  a  fatal  result  is  averted.  Emmerich  and 
Loew  -  claim  to  have  isolated  from  cultures  a  ferment-like 
bad3%  'pyocyanase/  which  they  state  has  preventive  and 
curative  properties  towards  anthrax  and  diphtheria  infec- 
tions. Emmerich^  has  employed  the  dry  pyocyanase  as  an 
applicalLoti  in  diphtheria  to  dissolve  the  false  membrane. 

Williams  and  Cameron  *  describe  four  cases  of  diarrhaui 
with  green  stools,  wasting,  and  deatli,  in  infants,  in  which 
the  a.  pt/ocyafiifus  was  obtained,  and  suggest  that  many 
cases  of  marasmus  may  be  due  to  it.  A  form  of  epidemic 
dysentery  seems  occasionally  to  be  caused  by  this  organism 
(see  Dysentery).     A  few  cases  of  general  infection   \vith 

'  Sec  Cmtr.f.  Dtiht  xxv.  p.  8I»7  ;  Journ.  Kxp,  Med.  Sep.-Nov.  1899. 
«  Ztitftehr.f.  Hyg.  1M99  ;  Centr.  f.  Baht.  sxxi.  {Originale)  p.  1. 
>  Afiinch.  Med.  Woch.  Nov.  5  imd  12.  1907. 
•  Journ.  Path,  and  liact.  iii..  1896.  p.  344.     (Kefs.) 
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this  organism  have  also  been  recorded.  It  has  also  been 
isoJateJ  from  conditi<inB  of  dermatitis  and  bullouH  eruptions/ 
The  B.  pyocyaneus  has  been  found  in  water,  dung,  soil, 
and  in  the  effluent  from  filter  beds.  Leiimunn  and  Neu- 
mann state  that,  with  the  exception  of  pathogenicity,  there 
is  no  essential  difference  betw^^en  thia  organiKm  and  the 
B.  fiuorescens  lique/aciens  so  fretj^uently  met  with  in  water. 
VariouB  races  of  the  B.  pijocyaneus  exist,  differing  in 
their  pigment  production.^ 


Clinical  Examination. 

In  many  cases  Boine  idea  can  probably  be  formed  as  to  tbo 
orgauisma  likely  to  be  present  in  the  pua  or  discharge  Ac.  from 
the  clinical  characters  of  the  disease,  in  whicb  case  the  examinu- 
tion  may  be  more  particularly  directed  towardw  the  isolation  of 
the  suspected  organism.  For  example,  in  a  urethral  diachar^'e 
the  gonococcuH  would  be  specially  looked  for,  in  an  empyema 
following  pneumonia  the  Diplococciis  pjieunioniie,  and  in  a  tropical 
abscess  of  the  hver  the  Anueba  coli.  In  all  cases  the  pus  or  dis- 
charge ahould  be  collected  with  aseptic  precautions  in  sterile 
capillary  pipettes  or  in  sterile  teat-tubes  at  the  time  of  operation, 
The  discharge  from  opened  abscesses  and  from  wounds  is  liable 
to  become  contaminated  and  the  original  infection  to  be  masked. 
In  septic  wounds  the  infection  may  be  a  mixed  one. 

In  all  cases  the  examination  should  be  commenced  as  early  as 
possible. 

1.  Make  several  smears  from  the  pus  or  discbarge. 

2.  Stain  one  or  two  of  these  with  Loffler's  blue  and  one  or 
two  by  Gram's  method.     Moant  and  examine  microscopically. 

(a)  If  staphylococci  only  are  detected,  the  presence  of  the 
ordinary  pyogenic  cocci  may  be  suspected.  Proceed  as  in  8, 
4,  and  5. 

(b)  If  encapBuled  diplococci  are  detected,  suspect  the  presence 
of  the  Diplococcxi^  piieuvionicB^  and  proceed  as  in  8,  5  and  7. 

<  See  Fernet,  Brit.  Med.  Joum.  1904,  ii.  p.  «)92. 
'  Ann.  de  VInat.  Pasteur,  v.,  lH91.  p.  65. 
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(c)  If  diplococci  and  tetracocci  are  present,  note  whether  they 
are  in  groups  within  the  pus  cells  ;  if  so,  suspect  the  presence  of 
either  the  gonococcns  or  Diplococciis  intracellular  is  meningiildisj 
and  proceed  as  in  (3. 

(d)  If  free  tetmcocci  are  detected,  Hiispect  the  presence  of  the 
Micrococcus  tetrngenusj  and  prooee<l  as  in  3  and  4  (rare). 

(f)  If  streptococci  are  present  the  Streptococcus  pyogenes  is 
probably  tlie  species.     Proceed  as  in  8,  4,  and  5. 

(/)  If  bacilli  are  present  they  may  be  the  colon  bacillus,  the 
Bacillus  Welchil  (itrrogencs  capsuUUiu)^  the  bacillua  of  nmlignanfc 
cedema,  the  fcetanua  bacillu-^^  the  typhoid  bacilliis,  tiie  TiaciHus 
pyocyaneus,  or  putrefactive  bacilli  of  the  Proteus  group  (which 
see).  The  result  of  Crrani-staining  and  the  clinical  history  of  the 
case  will  be  some  guide. 

u.  The  colon  bacillus,  especially  frequent  in  suppurative  peri- 
tonitis and  in  diseases  of  the  urinary  organs.     See  page  863. 

p.  The  Bacillus  Welckii  {aerogtffws  capsulatu^)^  especially 
met  with  in  foul  wounds  and  gangrenous  conditions,  with  much 
development  of  gas.     ISee  Chapter  XIII. 

y.  Thu  bacillus  of  malignant  a>duma  occurs  in  septic  wounds 
with  septicttmic  complications.     Bee  Chapter  XIII. 

8.  The  tetanus  bacillua  is  found  in  the  wound  in  cases  of 
traumatic  tetanuH.     See  Chaptor  XIII. 

€.  The  typhoid  bacilhis  is  rarn  ;  it  may  occur  in  suppurative 
conditions  complicating  or  following  typhoid  fever.  Proceed  as 
in  8  and  4.     {See  also  p,  346.) 

{.  When  the  Bacillus  pyocifanens  is  present  the  pus  or  dis- 
charge may  be  blue.     Procaed  us  in  :^  and  4. 

[g)  If  yellow  granules,  having  a  rosette-like  structure  micro- 
scopically, are  present,  actinomycosis  may  be  suspected  and  more 
particularly  examined  for  by  the  methods  given  in  Chapter  X\'. 

(h)  If  thread  forms  be  present,  strepiothru:  or  aspergiilar 
infection  may  be  suspected  (see  Chapters  XV.  and  XVII.) ;  if 
large  round  or  ovoid  cells  or  yeast-like  forms,  Blastmnycetes 
(Chapter  XVI.). 

({)  If  a  mixture  of  organisms  be  present,  agar  and  gektin 
plate  cultivations  should  be  prepared  and  further  examined  by 
subcultures  from  the  colonies. 
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{j)  If  no  orgfttiisms  can  be  detected  microscopically,  proceed 
as  in  8,  7,  or  9.  In  the  pus  of  ordinary  abscesses  micro-organisma 
can  ^nerally  be  detectetl,  unless  caused  by  the  tulx-rcle  or 
glanders  bacillus,  the  pneumococcus,  or  by  the  Amteba  coli, 

3.  Make  several  cultivations  on  agar  and  gelatin  (anaerobic  if 
retiuited),  and  examine  microscopically  and  by  subcultures  when 
the  growths  have  developed. 

4,  Make  two  or  three  sets  of  agar  and  of  gelatin  plate  culti- 
vations. Examine  the  colonies  microscopically  and  by  sub- 
cultures. 

;■).  Stain  two  or  three  of  the  tover-glass  preparations  by  Gram'a 
method,  and  countertitain  with  lUsumrck  brown. 

6.  The  gonococcua  and  Diplococcns  intraccHularis  may  lie 
identified  and  distinguished  by  the  methods  detailed  at  pages 
219  and  228. 

7.  Inoculate  guinea-pigs  or  mice  snbcutaneously  and  intra- 
peritoneally  with  the  material. 

8,  Organisms  can  rarely  be  detected  iti  the  blood  by  a  micro- 
scopical examination  of  stained  tilms.  Therefore  2-5  c.c.  of 
blood  should  be  withdrawn  and  cultlvatetl  (p.  117). 

9,  If  the  abscess  be  probably  a  tropical  absces^i  of  the  Uver, 
the  puB  or  scrapings  from  the  wall  of  the  abscess  should  be 
examined  for  the  presence  of  the  Atnctba  coli.     (Chapter  XVIII.) 


MiOROCOCC  I'S     M  EN  IN  aXTlDIS. ' 

Weichselbaum  in  1887  isolated  from  cases  of  epidemic 
cerebro-apliiftl  meningitis  (spotted  fever)  a  coccus  which  lie 
named  the  Diplococcus  intracellular  is  meningitidis  f  and 
further  research  has  conllrmed  the  accuracy  of  Weichsel- 
baiini's  discovery  and  the  iftiological  relationship  of  Uie 
organism  to  the  disease. 

Morphology  d-c. — The  meningococcus,  as  it  may  be 
termed,  occurs  as  single  cocci  and  diplococci  in  groups 
within  the  leucocytea  (Plate  III.,  a);  in  grouping  and  general 

'  Se«  Gordon,  Rep.  hoc.  Gov.  Board,  1907  (Bibliog.) ;  Arkwrigbt,  Journ. 
of  Hifijiene,  vii..  1U07.  p.  W3. 
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appeflniiice,  in  fact,  it  closely  resenibles  th*3  j^onocorcns,  and, 
like  tlie  last  named,  is  Gram-negative,  though  Btainiug  well 
with  the  ordinary  aniliu  dyes  and  with  the  Leishman  atain. 
In  cultures  it  occurs  as  cocci,  diplococci,  and  occaBionally 
as  tetrads. 

Ctiltural  Characters. — The  meningococtius  is  an  obliga- 
tory at-robe,  and  does  not  grow  at  a  temperature  below 
'25°  C.  it  will  ocaisionally  grow  in  primary  oulture  on 
glycerin  agar,  but  frequently  not,  though  when  acclimatized 
it  grows  fairly  well  on  agar  and  in  broth.  The  organism 
develops  best  on  agar  Bmeared  with  blood,  on  ascitic  fluid 
agar  or  broth,  or  on  the  nutrose  ascitic  agar  of 
WaBserraami  (termod  by  Gordon  '  naagar  '1  : 

AHciiic  fluid  .  .  .  .15  c.c. 
Distiitod  water  .  .  .  .35  c.c. 
NutroBO 1  gram 

The  mixture  is  placed  in  a  flask,  brought  to  the  botl  with 
coDstant  Hhaking,  aud  filtered.  It  is  then  mixed  with  double  the 
volume  of  ordinary  nutrient  agar,  ateaTuerl  for  thirty  minutes, 
filtered,  and  filled  into  tubes. 


The  colonies  of  the  meningococcus  on  this  medium  after 
twenty-four  hours*  incubation  at  37^C.  appear  as  moist,  grey, 
translucent,  circular  or  oval  discs  with  regular  outline  ;  after 
a  further  twenty  hours'  growth  they  may  attain  a  diameter 
of  i3  to  4  mm.  The  colonies  never  exhibit  any  yellowish 
coloration,  as  do  thoho  of  some  other  Gram- negative  cocci. 
Ascitic  fluid  broth  (ascitic  fluid  1  part,  broth  9  parts)  is 
also  a  good  culture  medium,  and  it  grows  in  milk  without 
clotting  or  change  in  reaction.  Arkwright  found  that 
grown  in  gelatin  at  87''  C.  the  meningococcus  causes 
liquefaction,  while  the  3/.  catarrhalis  does  not.  The 
organism  needs  constant  transplantation  to  maintain 
viiality  in  culture.  The  fermentation  reactions  are  given 
in  the  table  on  p.  2*25. 
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Pathogenesis, — In  man  the  organism  causes  epidemic 
cerebro-spiual  meningitis,  and  is  occasionally  met  with  in 
sporadic  cusbs  of  cerebro-spinal  meningitis.  It  ia  also 
capable  of  producing  a  htrmarrhagic  septicfleraia  without 
meningitis.  It  occurs  in  the  cereln-o  spinal  fluid  (obtained 
by  lumbar  puncture),  in  the  blood  in  25  per  cent,  of  the 
cases  provided  quantities  of  5  to  20  c.c.  be  cultured,  some- 
times in  Ihe  upper  respiratory  passages,  particularly  the 
nose,  in  the  middle  oar,  eye  and  joints.  Park  states  that 
the  organism  is  usually  present  in  the  nose  in  the  early 
days  of  the  illness.  The  meningococcus  is  patliogenic  to 
mice  and  f^uinea-pigs  by  intraperitoneal  or  intrapleural,  bnb 
not  by  sulxutaneous,  injection.  Intraspinal  injection  into 
monkeys  produces  u  typical  meningitis. 

An  agglutination  reaction  is  given  in  some  cases,  but  is 
neither  constant  nor  marked  enougii  to  form  a  sure  means 
of  diagnosis. 

Symmers  and  Wilson  '  have  found  that  the  f>Iood  of 
epidemic  cerebro-spinal  meningitis  cases  may  occasionally 
agglutinate  the  B.  typhosus  and  B.  coli  in  comparatively 
liigh  dilutions. 

Vaccine  and  Anti-Serum, — Cases  have  been  reported 
of  remarkable  benefit  derived  by  vaccinating  with  killed 
cuUures. 

Flexner  has  prepared  an  anti-serum  with  which  success- 
ful results  have  been  obtained. 

Still  observed  in  simple  posterior  basic  meningitis  of  infants 
a  diplococcus  closely  resomblijig  the  meningococcns  but  growing 
more  freely  on  agar,  Ac.  By  sorao  it  is  regardeJ  aa  an  attenuated 
form  of  tht;  latter.  Accordin;^'  to  Arbwright,  it  does  not  liijuefy 
gelatin  and  grows  on  this  medium  at  22"  C,  fails  to  produce 
ftcid  from  glucose,  maltose,  and  galactose,  and  is  not  agglutinated 
by  a  meningococcus  serum.  It  is  in  these  respects  very  like 
the  M.  cviereus  of  Llngeltiheim.     Diplococcus  cm^ius  (Gram- 

*  Joum.  of  UygieM.  viiL,  190«,  p.  314. 
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positive),  D.  mucosus  (stows  on  gelatin),  D.  flavus  {produces 
yellow  pigraent),  and  M.  catarrhalis,  tUe  three  latter  Gram- 
uegalive,  may  occur  in  the  naao-phnrynx.  (See  Arkwriiufht,  loc. 
cit.i  also  p.  224.) 


MicRococcrs   oosorrh<e«. 


The  Micrococcus  gonorrluem  vi'as  discovered  by  Neiaser 
in  1879  in  cases  of  gonorrbtcal  urethritis.  In  gonorrhoea! 
puB  it  occnrH  usually  in  pair8»  occasionally  in  tetrads, 
the  elements  of  which  are  somewhat  ovoid  in  shape,  their 
opposed  surfaces  being  fattened.  The  organism  has  a 
characterifilit*  arrangement :  it  occurs  in  groups  irithin 
the  pus  cells  (Plate  III.,  h).  The  individual  cocci  vary 
somewhat  in  size,  the  average  being  about  0*7  /i  in  the 
long  and  0*5  ^  m  the  short  diameter.  It  stains  readily 
with  the  ordinary  anilin  dye-s,  LiitHer's  blue  being  per- 
haps the  best,  but  is  decolorized  by  (.rram's  method  — 
an  important  practical  distinction  from  many  other 
cocci. 

Cultural  Characters. — The  gonococcus  is  difficult  to 
cultivate,  and  usually  soon  dies  out  under  cultivation — 
within  a  week,  unless  transferred  to  fresh  soil — but  it  does 
not  seem  to  lose  its  virulence.  Growth  takeH  place  between 
25°  and  38"  C,  but  the  optimum  temparature  is  between 
35°  and  37"'  C.  It  is  aerobic,  and  possibly  facultatively 
anaerobic,  and  will  develo[t  on  a  feebly  alkaline  or  acid  soil. 
The  ordinary  agar  and  gelatin  media  are  useless  for  the 
cultivation  of  the  gonococcus  ;  it  will  grow  only  on  a  medium 
containing  *  native  '  protein.  Blood-serum  agar  gives  fair 
results,  but  the  ordinary  Loftler's  blood  serum  is  of  no  use. 
The  best  medium  is  agar  smeared  with  blood.  Ordinary 
sloping  agar  tubes  or  small  agar  plates  may  be  employed. 
Blood  obtained  by  pricking  the  finger,  with  antiseptic 
precautions,  is  taken  up  in  a  sterile  capillary  tube,  and 
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deposited  on  the  agar.  A  trace  of  gonorrhoBal  pns,  collected 
with  aaept.K'  precautions,  is  taken  up  on  a  Rinnll  sterile 
camel's-hair  brush,  and  rultbed  up  with  the  drop  of  blood 
and  smeared  over  the  surface  of  the  agar.  The  cultures 
are  incubated  at  SI""  C,  and  in  twenty-four  hours  the  coloiiiys 
of  the  gonococri  appear  as  transparent  grejish  specks,  which 
increase  in  Hiza  up  to  the  end  of  three  days.  At  this  stage 
the  colony  meaRures  1  to  2  mm.  in  diameter,  is  raised, 
brownish  and  finely  granular  in  appearance,  and  roundish 
with  a  crinkled  margin.  The  cocci  from  cultures  resemble 
those  in  the  pus,  but  tetrads  are  more  frequently  met  with. 
The  fermentation  reactions  and  comparison  with  other 
Gram-negative  cocci  will  he  found  in  the  table,  p.  225. 
The  specific  virulence  of  pjonorrhreal  pus  is  destroyed  by 
exposure  to  a  temperature  of  GO^  C.  for  ten  minutes. 

Fathof/enicity, — The  gonococcus  is  a  strictly  parasitic 
organism,  and  seems  exclusively  to  attack  man.  From 
inoculation  experiments  on  the  human  subject  it  appears 
to  be  the  specific  organism  of  gonorrhueal  urelhrilin  and 
vulvitis.  In  the  female  it  is  most  frequent  in  tlio  urethral 
or  vulvar  discharge,  less  so  in  that  from  the  eervit^al 
cAnal,  and  rai'ely  or  never  seen  in  a  purely  vaginal  one. 
It  is  generally,  even  at  an  early  staj^e,  associattMl  with 
other  organisms,  particularly  other  diplococci  (see  table, 
p.  225)  which  have  to  be  distinguished  from  the  gonococcus. 
The  features  which  serve  to  identify  the  latter  are  its  sha|>e 
and  size,  its  non-staining  by  Gram's  method,  its  arrange- 
ment in  fjroupfi  within  the  pus  cells,  absence  of  growth  on 
ordinary  media,  the  characters  of  the  colonies,  and  the 
fermentation  reactions. 

The  gonococcus  is  associated  with  a  variety  of  lesions 
besides  those  already  mentioned,  viz.  epididyruitis,  ovaritis, 
salpingitis,  cystitis,  peritonitis,  arthritis^  and  conjimctivitis. 
It  has  been  met  with  in  the  blood,  and  occasionaUy  produces 
endocarditis,  pericarditis,  and  meningitis.     The  gonocoecus 
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is  fatal  to  guinea-pigs  and  mice  by  intraperitoneal  inocu- 
lation. 

TorinSf  Anti-Serum,  and  Vaccine. — Christmas  '  found 
that  the  lilood  sorum  of  the  rabbit,  fluid  or  coagulated,  is 
an  excellent  culture  medium  for  the  ponococcus.  By  cul- 
tivating the  gonocopcus  for  ten  days  in  an  ascitic  bouillon 
mixture  he  succeeded  in  obtaining  a  toxin  which,  when 
injected  intravenously  into  rabbits  in  large  doses,  caused 
death,  in  smaller  doses  fever  and  loss  of  weight,  while 
precipitated  with  alcohol  and  injected  into  the  anterior 
chamber  of  the  eye  it  produced  severe  inflammation.  By 
injecting  rabbits  with  small  doses  of  the  toxin,  immunisa- 
tion was  produced,  and  the  blood  acquired  antitoxic  pro- 
perties. A  vaccine  may  be  prepared  by  sterilising  cultures 
with  heat,  and  has  proved  of  service  in  chronic  gonorrhrpal 
infections, 

Clinical  Diagnosis. 

The  diagnosis  of  gf>norrha?a  i3  very  iraportftnt,  not  only  in 
clinical  but  also  in  lueciico-le^^al  cuses.  For  tbis  purpose  micro- 
scopical examinaiion  and  culture  methods  are  mode  use  nf.  In 
a  chronic  gleet,  the  material  must  be  exammed  carefully  and 
repeatedly. 

1.  Microscopical  Examination. — Several  thin  smear  specimens 
of  the  pug  or  discharge  shonld  be  preparefl.  If  the  best  results  are 
desired,  the  films  should  bo  air-dried,  and  then  fixed  by  placing  in 
a  mixture  of  equal  parts  of  alcohol  and  ether  for  fifteen  minutes. 
After  fixing,  a  couple  of  tho  films  are  stained  in  Lofflcr's  blue  for 
five  to  ten  minutes,  washed  in  water,  dried  and  mounted.  Leish- 
man*8  stain  also  gives  good  results,  the  films  being  merely  air-dried 
and  not  fixed.  The  preparations  are  then  examineil  with  a  j'^-inch 
oil-immersion  ;  a  lower  power  lens  is  useless.  The  ovoid  cocci  in 
pairs,  and  occasionally  in  tetrads,  occurring  within  the  pus  cells 
in  fjroups  of  not  less  than  four  pairs,  are  very  characteristic. 
Diplococci  situated  outside  the  pus  cells  should  bo  neglected  (it 

•  Ann,  df  rinst.  Pasteur,  xi..  1R97.  p.  r)09. 
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is  to  be  Dotod  that  the  nuclei  of  the  pus  c«11r  are  deeply,  the 
c)ftop!a.sm  only  faintly,  stidned  with  methylene  hlue).  The 
next  step  is  to  ascertain  the  staining  reaction  by  Gram's 
method.  Stain  two  more  films  for  fifteen  minutes  in  anilin 
genfcittu  violet,  dip  in  water,  place  in  Gram's  iodine  solution  for 
two  minutes,  decolorize  in  absolute  alcohol  nnfcil  the  draininga 
fail  to  stain  white  filter-paper,  and  counter-stain  for  forty-five 
seconds  in  a  saturated  aqueous  solution  of  Bismarck  brown  diluted 
with  three  times  its  volume  of  diatilled  water.  The  gonococci  are 
decolorized,  and  take  up  the  brown  stain.  To  chronic  urethritis 
the  urine  may  be  voided,  and  ceutrifugalized,  and  prejmrations 
made  from  the  deposit  and  threads  and  stained. 

2.  Culture  MvtJwds, — Whenever  a  diagnosis  is  of  great  im- 
portance, an  attempt  should  be  made  to  cultivate  the  organism. 
Plate  cultures  of  agar  smeared  with  blood  as  described  above, 
and  another  set  with  agar  only  should  be  prepared,  and  incubated 
at  87°C.  In  forty-eight  hours  colonies  of  the  gonucoccus  ahould 
he  recognizable  on  the  blond  agar,  l>ut  not  on  the  plain  agar. 

If  cultures  are  obtained,  the  fermentation  tests  (p.  225)  may 
be  applied. 

N.B. — The  greaient  caution  must  be  exercised  in  declaring  a 
case  free  from  infection  on  the  ground  o/ negative  results  of  t)ie 
examination. 


MlCBOCOCOUS   GA.TAUKII&LIB.' 

This  organism  occurs  in  the  nose  and  throat  in  cases  of 
catarrh,  and  particularly  in  the  •  influenza  cold  '  (see  'Influenza  '), 
in  bronchial  catarrh,  and  occasionally  in  other  conditions  and  in 
well  people.  Morphologically  it  occurs  in  pairs  and  tetrads,  often 
within  the  polymorphonuclear  leucocytes.  It  is  Gram-negative. 
The  primary  generation  develops  feebly  on  agar,  but  subsequent 
generations  grow  fairly  well,  forming  whitish  translucent  colonies. 
Blood  or  ascitic  media  should  be  used  for  isolation.  Some  of 
the  fermentation  reactions  and  a  comparison  with  other  Gram- 
negative  cocci  are  given  in  the  table,  ou  the  next  page. 


'  See  Gordon,  Brit.  Med.  Journ.  190.5,  ii.  p.  V2'A  ;  Arkirright,  Journ.  oj 
Hi/giene,  vii..  1907.  p.  145. 
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MiCKOCOCCUS   TETBA0ENU8. 

This  organism  is  fretiuently  met  with  in  phthisical  cavities 

and  may  be  expectorated  in   the   sputum,   and   has   also   been 

found  in  the  pus  of  acute  abacessea.     The   cells   occur   singly 

(diflmeter  1   /x),  in  paira,  or   in  fours,  and   enclosed    within    a 

'            capsule.     It  stains  with  the   ordinary  aniiin  dyes  and  also  by 

Gram's  method.     On  gelatin  it  develops  slowly,  with  the  forma- 
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tion  of  a  thick,  white,  shining  growth  without  liquefaction.  On 
ligar  the  growth  him  much  the  Bam«  clmtactors,  and  ou  potato  is 
whitt)  ami  viacous.  luuciiliiLecJ  into  aninmls,  iJiiTticularly  mice, 
11  local  almcGHH  may  fiuiii,  hut  iiriuall}^^  it  produccH  a  fatal  j^joneral 
infection,  and  Ihs  organism  is  found  in  the  blooil  and  organH, 
A  fow  cas&s  of  •.^onemt  infuction  in  tnan  havo  been  duscrihod. 

8ABCISA    VENTUICUH. 

An  organism  occurring  in  the  oonfconta  of  the  stomachj 
especially  in  cases  of  dilated  jjtomach,  Originally  described  by 
Goodair  in  184t2. 

It  occurs  as  a  large  ovoid  cell,  several  of  which  are  grouped 
together  quadrihitemlly  ao  afl  to  form  moroorless  cubical  niaaaos, 
the  so-calltM^  *  woolpacks.'  According  to  Falkenheini,  it  forma 
on  gelatin  in  thirty-six  to  forty-eight  houra  roundinh,  prominent 
colouios  of  a  yellowish  colour.  In  neutral  hay  infusion  it  forms 
a  brownish  film  and  flocculi.     It  produces  an  acid  reaction. 

Other  sarcintc  also  occur  in  the  stomach. 

Clinical  Examination. 

1,  The  organism  can  be  detected  in  the  vomit  itc.  most  readily 
by  examination  in  the  fresh  state,  a  little  of  the  material  being 
placed  on  a  nlide,  ililiUod  with  water  if  ueoeasary,  irrigated  or  not 
with  iodine  aoluLion,  covered  with  a  cover-glasrt,  and  examined. 

2.  Cover-glass  pre|)aratiuns  may  bo  sUiined  with  weak  carlwl 
fuchdin,  or  by  Gram'u  method. 

Other  Obqanisms  mkt  with  in  Suitueativb  and 
Septic  Conditions. 

Many  other  organisms  have  been  met  with  in  various  auppn- 
rativB  and  septic  processes,  e.g. : 

a.  The  B.  coli  in  cystitis  and  pyelitis,  ischio-recfca!  abscess, 
peritonitis  associated  with  perforation  and  intestinal  obstruction, 
and  puerperal  fever  (see  Chapter  X.) 

h.  The  Diphcoccus  jmeuvionus  in  abscesses,  empyema, 
arthritis,  meningitis,  pericarditis,  peritTOitis,  &c.  (see Chapter  XII.) 
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c.  Tbf)  B.  typhosus  in  abscesses,  cholocyatitts,  ompyomaf  and 
oateo myelitis  (see  Chapter  X.) 

d.  The  B.  tedefnatis  and  J5.    Welchii  in   foul,  gangrenona 
wound;)  (see  Chapter  XIII.) 

e.  Tho  B.  tuberculosis  and  B.  vuillei  (see  rhiipter  IX.) 

/.  The  Actinoiu}iccs  and  Strcpiothrir  forms  (hoc*  Chap.  XV,) 
g,  BUisloiHj/ceics    (see    Chapter    XVI.)    and    Utjpkomycctes 
(see  Chapter  XVII.) 

h.  The  Amasha  coli  (see  Chapter  XVIII.) 
i,  Capsulated  bacilli  (hoc  note,  p.  235). 


Colby's  FLtriD. 

Thia  preparation  consists  of  the  toxins  of  the  streptococcus 
oE  erysipelas  and  the  Bacillus  prodiijiosus.  It  was  devised  by 
W.  31.  Coley,  ol  Nesv  York,  as  a  pcisaiblo  euro  for  inoperable 
mati<(nanb  tumours.  The  treatment  is  based  on  the  uudoubUMi 
fact  that  malignant  growths  may  decrease  or  oven  disappear  com- 
pletely after  an  attack  of  erysipelas  (p.  210).  The  fluid  is  pre- 
pared by  growing;  the  streptococcus,  obtained  from  a  fatal  case  of 
erysipelas  and  rendc'r6<l  highly  virulent  by  a  succession  of  pas- 
sages through  rabbits,  in  bouillon  for  about  ten  days  ;  the  2>ro- 
dujiosits  is  then  added,  and  the  two  are  allowed  to  grow  together 
for  another  week  or  ten  days.  The  culture  iH  finally  beatud  to 
from  %)H°  to  GO"  C.  for  one  hour  and  a  piece  of  tbyniol  addwl  to 
preserve  it. 

The  tiuid  is  injected  Hiibcutanetmsly  in  the  vicinity  of  the 
tumour.  The  earlier  injtjctions  umy  be  performeJ  with  the 
filicri'.d  toxin,  which  daos  not  produce  bo  nmch  reaction  as  the 
unfiltored. 

The  dose  to  commence  witli  should  be  1  to  2  minims  of  the 
filtered,  or  ^  minim  of  the  untiltered,  fluid.  The  dose  is  gradu- 
ally increased  eneh  day  until  there  is  a  knnperature  reaction  of 
108"  to  104*^  F.  The  temperature  is  the  chief  guide  in  estimating 
the  dose,  und  the  fre<|uency  of  injections  depends  upon  the 
general  condition  of  the  patient  and  upon  the  rapidity  of  recovery 
from  the  depression  of  the  preceding  dose.  The  injection  must 
Aot  be  repeated  until  the  temj^ierature  has  completely  fallen. 


CHAPTER  VTL 


ANTHRAX. 


The  disease  known  as  anthrax  claims  attention  not  only 
on  account  of  its  importance,  but  also  from  historical  ctui- 
sideralions.  It  vvhr  perliapfl  the  first  disease  to  Ije  deiinitelj 
asBoeiaied  with  a  specific  micro-parasite,  for  the  anthrax 
bacillus  was  observed  m  the  blood  of  infected  animals  as 
long  ago  as  1H49  by  Pollender,  and  in  1850  by  Davaine, 
and  the  latter  also  claimed  in  1853  to  have  demonstrated 
by  inoculation  experiments  tlie  causal  relation  of  the 
bacillus  to  this  disease*  Davaine's  exi>enmeiits,  however, 
cannot  be  said  to  have  been  conclusive,  inasmuch  as  he 
had  not  complied  with  the  second  and  third  of  Koch*s 
postulates^  which  declare  that  the  micro-organism  must  be 
cultivated  outside  the  body,  and  the  cultivated  organism 
must  produce  the  disease  on  inoculation.  The  experiments 
of  Davaine  were  made  by  inoculating  an  animal  directly 
with  the  blood  from  an  infected  animal,  and  the  objection 
was  therefore  raised  that  infection  was  duo  not  to  the 
l)aeinus,  l>ut  to  something  olsoin  the  blood.  This  objection 
was  subsequently  removed  by  the  work  of  Pasteur  and 
of  Koch,  who  olttained  piirn  rultures  of  the  organism,  tlie 
Bacillus  anihnins^  and  with  tlieae  produced  results  the 
same  as  had  previously  been  obtained  by  inoculation  with 
tho  blood  of  an  infected  animal.  Tho  diaoase  in  cattle  is 
known  as  splenic  fever,  and  though  in  England  occnrring 
only  sporadically,  or  in  small  outbreaks,  in  some  parts  of 
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a.  Bxvn.uvs  Anturaoih. 
SxxAA  or  Bl<x>o  op  Inoodlatei>  GuiNeA-Pio.     x  750. 


h.  Antbhax. 
Section  0/  Ku>KfCY  throi'oh  Gi^mebci^uh.      x  600. 
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the  world  its  ravages  asBume  serious  proportions;  as  in 
Siberia,  wliere  it  hiia  boeu  termed  the  Siberian  plague^  and 
at  one  tiiuo  in  France  among  the  bIigujj  to  such  an  oxtcnt 
as  to  threaten  the  sheep  industry  with  extinction.  Man 
hIho  HulTers  to  some  extent,  and  the  disease  is  met  with  in 
persons  whose  occupation  brin;^'K  them  into  contact  with 
animals,  particuhirly  cattle,  or  with  animal  ptoducts  »uch 
as  wool  and  hides. 

Morphology. — The  IJiU'tllus  afiiJimvis  in  a  rod-shaped 
organism  varyint^  slightly  in  Kixe  in  different  animals  and 
under  cultivation ;  in  the  blood  it  measures  from  5  to  20  ^ 
in  length  and  1  to  l-'25  /t  in  breadth  (Plate  IV.,  a),  hut  in 
cultures  lonj^  lilaments  develop.  Examined  in  the  fresh 
and  living  condition  in  a  hanging-drop  preparation,  these 
rods  and  filaments  appear  homogeneous  or  slightly  ^n^anular  ; 
in  stained  preparations,  however,  they  are  seen  to  be  made 
up  of  a  series  of  segments  with  unstained  interspaces,  each 
segment  meiiBuriuR  about  1  to  fj  fi  in  length,  and  t!io  ends  of 
the  segments  appear  cut  ot\  nquare,  provided  care  hab  been 
taken  not  to  overheat  in  fixing  and  to  stain  with  an  atfueouB 
solution.  In  the  blood  the  filaments  never  exceed  about 
five  or  six  se«.;meiitft  in  length,  except  j^erhaps  in  swine, 
in  which  animals  they  may  be  somewhat  longer.  In  cul- 
tivations, liowever,  the  tilamonts  may  be  of  almost  un- 
limited length  and  lie  parallel  to  one  other  or  in  more  or 
less  tangled  masses.  In  the  animal  body  during  life,  and 
for  some  hours  after  death,  spores  never  occur ;  but  ui 
cultivations  more  than  a  day  or  so  old,  and  from  which 
oxygen  has  not  been  excluded,  they  are  always  present, 
almost  every  segment  uontauiing  one.  The  sjK^res  are 
ellii>8oidal,  measm-ing  about  1  ft  by  l'2o  ft,  and  are  centrally 
placed  hi  each  segment,  the  long  axis  corresponding  with 
the  long  axis  of  the  segment. 

CultnntI  licacfioN.'i.—Uhe  anthrax  bucillu.s  is  acnibic 
and  facultatively  anaerobic ;  it  is  non-motile,  and  stains 
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well  with  the  ordinary  anilin  dyes,  and  eRpeciiilly  so  by 
Gram's  method.  It  gi-ows  readily  on  all  culture  media 
at  from  20""  to  37"  C,  the  latter  heinf^  the  optimum.  De- 
velopment ceases  at  temperatures  below  about  15°  and 
above  45''  C.  Bmall,  cream-coloured,  granular  colonies 
develop  in  a  gelatin  plate  in  about  thirty  hourB,  and  in  two 

to  three  days  appear  as  ainall, 
romidish,  cream-coloured  pasty 
masses  in  little  pits  in  the 
geliilin,  due  to  itw  liquefaction. 
Microscopically,  the  colonies 
aro  Homewhai  charat^-loriHtic  ; 
each  consiate  of  a  mass  of 
wavy,  tangled  tilamentK  like  a 
tiny  wad  of  cotton-wool.  In 
gehilin  wtreak-culturee  develop- 
ment ia  slow,  and  in  four  or 
live  days  a  creamy,  i>aHty 
^'rowth  forms  in  an  urea  of 
liquefaction.  In  a  gelatin  stab- 
ciiUuro  (preferably  5  per  cent. 
j;clatin}  lateral  branches  spread 
from  the  central  growth,  longer 
in  the  upper  layers,  shorter 
below,  80  that  at  the  end  of  a 
week  the  culture  is  like  an  in- 
verted fir-tree  (fig.  tiS)  and 
tho  gelatin  becomes  gradually 
liipiefied  from  above  down- 
wards. The  colonies  on  an  agar  plate  develop  in  twenty 
hours  at  87^'  C  as  cream-coloured  points,  which  microsuopi- 
cally  consist  of  little  masses  of  wavy,  tangled  blaments 
{Plate  v.,  a  and  b).  On  an  agar  surface  culture  at  87"  C.  there 
is  a  copious  developinent  in  eighteen  hours  of  a  thick,  cream- 
coloured,  slimy  growth,  which  at  this  early  stage  has  a 
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finely  granular,  ground-glass  appearance.  On  blood  serum 
a  Uiielc  crGumy  layer  forms,  with  slow  liquefaction  of  the 
medium.  On  potato  the  organism  grows  freely  as  a  dry 
pfreyish  layer,  with  an  abundant  formation  of  BporeR.  Tn 
tiroth  it  furma  a  somewhat  scanty  flocculent  deposit,  the 
broth  remaining  clear  and  giving  tlie  indole  reaction. 

In  old  cultures  various  involution  forms  are  met  with  ; 
the   rods   lose   their    regular   shape   and  become  swollen, 
producing  the   BO-called    torula   forms,   while   the   homo- 
geneouH  appearance  of  the  protoi)laHni  changes  and  becomes 
granular.     SiwreB  are  found   in  all  culture  media   when 
there  has  been  free  access  of  oxygen,  as  in  surface  cultures 
on  potato  and  agar  ;  but  m  a  deep  broth  culture,  where 
the  supply  is  limited,  spore  formation  in  absent  or  very 
scanty.    During  life  sjwres  are  never  met  with  ;  they  only 
apf>ear  some  lumrs  after  d*»ath,  or  when  the  fluids  contain- 
ing the  bacilli  come  in  contact  with  air,  as  in  the  bloody 
discharge  friun  the  nostrils.     It   has  therefore  been  sup- 
posed tliat  oxygen  is  necessary  for  spore  formation  to  take 
place,  but  this  does  not  seem  to  be  the  whi>le  exphinatiou, 
for  8[>orBS  form  in  an  atmosphere  of  nitrogen,  though  they 
do  not  do  80  in  one  of  hydrogen.     The  life-history  of  the 
organism   aiul    the   development   of   spores    ctin    be    well 
watched  in  a  hanging-drop  specimen  prepared  by  inoculating 
a  droplet  of  broth  with  the   blood  of  an   infected  animal. 
The  preparation  can  be  observed  on  a  warm   stage,  or  ex- 
amined at  stated  times,  being  kept  in  the  intervals  in  the 
blood-heat  incubator.     It  will  be  found  at  the  end  of  twenty- 
four  hours  that  the  short  filaments,  which  alone  are  present 
in  the  blood,  have  grown  so  long  that  they  stretch  acroHS  the 
Held,  while  the  protoplasm  has  l>ecome  granular,  and  minute 
shining  jMjints   are    vinible   hero  and  there.     In    another 
twenty-four  hours  the  filaments  have  extended,  the  proto- 
plasm has  become   still   more   gnmnlar,   and    the  shining 
s[>ots  are  now  well-marked  ovoid,  highly  refracLile  bodies 
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the  mature  spores.  In  old  cultures  tbe  rods  and  filamentti 
almost  diHapjiear,  numbers  of  sporeB  alone  remaining. 
These  8i)ores,  whyii  placed  under  favourahle  conditions  of 
moisture,  \varmth»  and  nutriment,  again  produce  rods  and 
tilamentti ;  a  Httle  bud  apiwars  at  the  ojctremity  of  the  long 
diameter,  which  ^tows  in  length  and  ultimately  becomes 
a  mature  rod,  with  the  empty  Bptn*e  capsule  at  one  end. 
Sporeless  yarietieb  of  the  anthrax  bacillus  have  been 
obtained  by  cultivating'  luider  unfavourable  conditions,  as 
at  a  high  temperature  (44''  C.)t  or  in  the  presence  of 
minute  quantities  of  antiseptics  (1  :  1000  carbolic  acid). 
The  spores  are  of  considerable  practical  importance,  for 
they  are  highly  resistent  forms,  requiring  at  least  some 
minutes*  boilhig  and  three  hours  in  dry  air  at  140*"  C.  for 
their  destruction,  whereas  the  bacilli  without  Hpores  are 
destroyed  in  ten  minutes  in  the  moist  condition  by  a  tem- 
lierature  of  54°  C.  The  same  resistance  occurs  towards 
variiaiH  ^'ermicidjil  substances.  Wiile  1  per  cent,  cjtrljolic 
acid  and  1  :  10,000  corrosive  sublimate  solutions  qiiickly 
destroy  bacilli  without  spores,  it  requires  at  least  5  per 
cant,  carbolic  acid,  acting  for  not  less  than  twenty-four 
hours,  and  1  :  500  sublimate  solutions,  acting  for  not  less 
than  an  hour^  both  at  20"  C,  to  kill  the  spores.  Anthrax 
spores  will  retain  their  vitality  and  pathogenic  power 
unimpaired  for  years  in  a  dried  condition. 

Pathogenicity.— Hhe  anthrax  bacillus  is  pathogenic  for 
man,  cattle,  sheep*  goats,  rabbits  ^  guinea-pigs,  and  mice. 
The  horse  and  the  pig  are  also  susceptible;  but  adult  white 
rats,  dogs,  ciits,  and  Algerian  sheep  are  immune.  Young 
white  rats,  or  rats  fatigued  by  uniscular  work,  can  be  in- 
fected, and  frogs  and  tish,  though  immune  under  ordinary 
conditiuns,  can  bo  londered  susceptible  by  raising  the 
temperature  of  their  environment.  Birds,  such  as  fowls 
and  pigeons,  are  also  almost  insusceptible,  but  may  be 
I'enderud  susceptible  by  lowering  their  Leuipeiature ;  smaller 
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birds,  such  as  sparrows,  are  more  KUKceptiljlt^.  The  viru- 
lence varies  considerably  and  may  be  artiticially  modilied 
in  many  ways ;  by  passing  through  a  scries  of  BUsceptible 
animals  it  is  heightened,  by  growing;  in  the  body  of  an 
insusceptible  animal  it  is  lowered,  and  the  latter  result  is 
also  obtained  by  cultivating  for  two  or  three  weeks,  at  a 
temperature  of  42^  to  45^  C,  or  by  the  addition  of  certain 
chemical  Hubatances  to  the  culture  medium— fur  example, 
0*01  per  cent,  of  potassium  bichromate.  These  methods  of 
'attenuation,'  as  it  is  termed,  are  put  to  a  practical  use  in 
the  preparation  of  the  anthrax  vaccine. 

SymptoniH  of  the  disease  in  cattle  are  not  very  marked. 
A  beast  may  appear  a  little  out  of  sorts  and  the  next  day  be 
found  dead,  or  after  tiufferin^  for  a  day  or  two  with  general 
malaise,  fevtn',  and  ric^ors,  and  with  ji  sanguineous  discharge 
from  tbe  nostrils  and  bowel,  it  dies  suddenly.  Postmortem, 
the  cliief  feature  that  attracts  attention  is  enlargement  of 
the  spleon,  which  may  be  two  or  three  times  larger  than 
normal,  is  highly  congested,  and  very  soft  and  friable. 
Micioscopically,  the  bacillus  is  found  in  enormous  numbers 
in  the  spleen,  sumewhat  less  numerously  in  the  blood,  and 
still  less  so  in  the  liver,  kidney,  and  other  organs.  Swine 
do  not  often  suffer  from  tliis  disease,  unless  fed  ■with  the 
offal  of  an  infected  animal,  in  which  case  the  chief  clinical 
sign  is  great  enlargement  about  the  throat  ;  this  is  almost 
pallioguitmonic,  while  the  chains  of  bacilli  tend  to  be  some- 
what longer  than  in  other  animals. 

Mice  inoeubited  subcutaneously  UHualiy  die  in  about 
iwentv-ffiur  hours,  and  i'lilargoinent  uihI  cun;^^estion  of  the 
spleen  are  very  noticeablu.  An  infected  guinea-pig  dies  in 
from  thirty-six  to  forty-eight  hours  and  usually  shows  no 
symptoms  until  the  last,  when  Jt  may  suffer  fnjm  rigors, 
witli  high  temperature,  convulsions,  and  staring  coat.  Post 
mortem,  the  muscular  tissue  is  found  to  Ije  pale  and  (edema- 
tous, the  spleen  is  enlarged  to  two  or  three  times  its  normal 


2S4 


MANUAL  OF   JIACTERIOLOGY 


sizd  and  is  highly  congested  and  very  soft,  and  minute 
htemorrhages  miiy  occur  in  the  serous  membmneB.  Micro- 
Bcopicftlly,  bacilli  are  found  throughout  the  spleen,  and  are 
often  HO  numerous  thai  in  a  stained  preiwiration  there 
appear  to  be  more  bacilli  than  tissue.  Large  numbers  are 
also  prfisenl  in  the  hkiod  and  lungs,  fewer  in  the  liver 
and  kidney  ;  in  tlie  letter  organ  they  are  almost  conlined 
to  the  glomeruli  (Plate  IV-,  b).  Immediately  after  death* 
however,  comparatively  few  bacilli  may  be  met  with  in 
the  blood,  the  heart,  and  great  vessels. 

The  spread  of  the  disease  in  nature  seems  to  result 
from  the  ingestion  of  fipores  while  the  animals  are  feeding. 
Although  the  banilli  would  Le  destroyed  by  the  acid 
gastric  juice,  this  is  not  the  case  with  the  spores,  wliicli 
are  probably  generally  developed  from  the  organisins  pre- 
sent in  the  bloixly  diHrharges  of  a  stricken  animal,  and  are 
distributed  by  wind  and  flood,  and  in  this  way  may  infect 
large  tracts  of  ])asturf.  Pastour  suggested  that  earthwihrms 
might  bring  the  spores  to  the  surface  in  their  casta  from 
tho  buried  carcases  of  infected  animals,  but  some  experi- 
ments by  Koch  negatived  this.  The  non-sjioring  bacilli 
rapidly  degenerate  and  die  in  a  buried  carcase* 

Man  seems  to  be  relatively  insusceptible  to  unLbrax. 
The  disease  is  generally  met  with  among  butchers,  veteri- 
nary surgeons,  shepherds,  ttc,  and  among  those  who  sort 
wool  or  hair  or  work  wither  carry  hides,  e.g.  glove-makers, 
tanners,  porters,  &c.  The  disease  occurs  in  two  forms  - 
the  so-called  '  malignant  pustule/  a  cutaneous  infection,  not 
unlike  an  angry  carbuncle,  occurring  at  the  seat  of  inocula- 
tion, on  exposed  i)arts  of  tho  body,  such  as  the  back  of  the 
neck,  the  face,  wrists,  and  handw ;  and  *  wool-sorter*s  disease,* 
a  general  infection,  severe  and  forlnnately  rare,  through 
the  lungs  or  stomach.  Rag-sorters  are  likewise  sometimes 
attacked  by  anthrax,  but  there  is  also  a  distinct  *  rag- 
aorter*B  disease '  which  is  stated  to  be  due  Lu  a  non-motile, 
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non-RiKH'ing»  non -liquefying,  capsulatetl  bacilhie,  the  PrO' 
tens  capsiflatiis  honiimH^  of  Bordoni  Uffreduzzi. 

In  November  189t>  the  Home  Office  ajipoinfeed  a  eom- 
mittee  upon  anthrax  to  make  inquh'y  into,  and  report  on, 
the  conditions  of  work  as  they  affect  the  lieaUh  of  tlie 
operatives  in  the  industries  in  which  anthrax  is  alleged  to 
occur,  and  to  report  what,  if  any,  special  rules  should  be 
made  i>r  special  requirements  enforced  under  the  Factories 
and  Workshops  Act,  189i5,  for  the  protection  of  persons 
employed  in  those  industries,  and  as  a  result  all  cases  of 
anthrax  contracted  in  connexion  with  various  industries 
have  !iow  to  be  reiwrted  to  the  Home  Office.  The  matter 
has  also  been  exhauHtively  dealt  with  by  Legge.*  It  is 
particularly  Tersijui  wool,  Chinese  hides,  and  Russian  hair 
which  are  danj:^erouK»  while  Arf^entine,  Austnilian,  and  New 
Zealand  wools  are  almost  innocuous.  The  sorting  and  ex- 
clusion of  wool  derivetl  from  infected  animals  seem  to  Ije 
impracticable^  and  the  efficient  steriliwifcion  of  the  thousands 
of  bales  that  are  imported  an  imiwssibility.  As  regards 
hides  and  skins,  Legge  points  out  thai  it  Is  doubtful  if  there 
is  any  way  in  which  hides  lo  be  afterwards  tanned  c*in  be 
effectively  disinfected,  and  to  be  of  real  benefit  it  would 
have  tt>  be  done  l>efore  the  materuil  is  opened  in  the  ware- 
house ;  but  to  Becure  this  would  be  imjjossible.  As  regards 
horsehair,  Webb  and  Duncan  ^  have  carried  out  a  number 
of  experiments  on  its  disinfection,  from  which  it  would  seem 

'  Captiulatecl  baoilH  have  bcdi  met  with  in  nmny  septic  prooesses.  This 
group  inoltifle^  FrieiUitniier's  pnt^u^Tlft>1]acilllls,  P.  caiMttlotus  kominis, 
II.  t$ttto^Us  cn}>sitUitus  of  Fricke,  anil  the  /».  coli  immobilis.  They  (ire 
luut  with  in  conditions  nssociiiled  with  nepsis,  pug  proiluclion,  broncho- 
pncuhtonia.  ulccnilin^^  sLoiuiititi:!.  iVc.  Thi-y  urc  shoiiish,  uun-iuolile.  riou- 
bpuriuf^  rudti,  usually  (Trmn-tiLfjutive,  easily  rultivatcd  ami  nuL  Ii(|ut'fylng 
gelatin,  and  in  the  tissues  Burrouudcil  vrJth  a  capsule. 

'  Milroy  Lectures  on  Industrial  Anthrax,  Brit.  Med.  Juum.  190>5, 
i.  pp.  539,  599.  aud  t>41. 

'  Annual  lieiKwi  of  Chief  hupectvr  o/  Faetoria*,  1900.  p.  472,  and  1903. 
p.  378. 
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that,  leaving  out  of  consideration  white  or  grey  hair,  which 
ia  liiible  to  change  colour,  no  injurious  etTectis  produced  on 
hair  by  steam  disinfection,  provide<l  the  tomiierature  does 
not  exceed  '218''  F. ;  hut  this  is  a  comparatively  low  tem- 
perature for  elhcieut  disinfection,  and  success  can  then  be 
ohUiined  only  with  mhiute  t:are  in  the  construction  and 
regulation  uf  the  apparatu.s.  Legge  concludes  that  to 
secure  certain  destruction  of  all  anthrax  spores  in  horse- 
hair abHolute  reliance  cannot  bo  placed  on  either  steani 
disiufeution  (within  the  limits  in  which  it  can  be  applied) 
or  simple  boiling.  Adoption  of  one  or  the  other  ia  a  very 
material  safeguard,  but  risk  munt  always  be  run  by  those 
who  prepare  the  hair  for  disinfection.  UiKinfectiou  is  now 
being  attempted  by  Hul»jecting  the  material  to  the  action  of 
disinfectants  Huch  as  5  per  cent,  cyllin  and  kerol, 

A  number  of  cusesof  iinthrax,  resulting  in  many  desitliH, 
have  been  reported  in  various  parts  of  the  United  States, 
from  tanneries  dealing  with  liiileK  imi>ortod  from  ('liina. 
Also  a  number  of  cattle  have  been  infected  as  the  result 
oi  drinking  water  from  rivers  and  creeks  receiving  the 
waste  liquors  from  these  works. 

Houston  ^  detected  the  antlirax  bacillus  in  a  catcli  pit 
in  a  hide  factory  at  Yeovil,  and  in  sewage  and  elHuenls 
and  in  the  mud  of  the  Yeo.  It  has  also  been  met  with  in 
linseed  cake  and  oats. 

To.this.  -  From  pure  cultures  of  the  BacUlufi  anthracis 
HotFa  obtained  small  quantities  of  a  ptomine,  which  pro- 
duced fall  of  temperature  and  hpemorrhages,  and  Ilankin 
isolated  a  proteose  which  in  Lirge  amoiuits  was  fatal^  but 
in  small  auiounts  conferred  immunity  to  subhequent  In- 
oculation with  living  bacilli,  Brieger  and  Fnitikel  obtained 
a  tox-albumiu  from  animals  dead  of  anthrax,  Marmior.^ 
by  growing  the  anthrax  bacillus  in  a  solution  of  peptone, 

'  Second  Jit'p.  Comtnii.  on  Scinujt'  IfisjhiMi!,  llttri.  p.  31. 
"  Ann.  lU  Vltt^t.  I'mUur,  ix.  1S95,  jj.  033. 
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glycerin,  and  salts,  and  subsequently  precipitating  with 
animonimu  sulphatn,  oLlained  a  toxin  which  he  wtaleH  is 
neither  protein  nor  basic,  and  is  contained  within  the 
bacterial  cMIh. 

Sidney  Martin,'  by  growing  the  anthrax  ])acilIuB  in 
alkali  albumin  for  ten  days,  obtained  from  the  culture 
aSbunioses  and  an  alkaloidal  substance.  From  the  bodies 
of  aniraalti  which  had  died  of  the  disease,  chiefly  from  the 
spleen  and  bloody  he  obtained  similar  substances,  the 
amount  of  alkaloid  being  more  than  double  that  of 
albumoae.  Tho  mixed  products  produced  fever  in  animals 
followed  by  coma  and  death.  The  albumose  was  proved 
to  be  the  fever,  and  the  alkaloid  the  coma,  producer ; 
the  latter  also  caused  a  spreading  or'dema  at  the  seat  of 
inoculation. 

Anti-Scrum, — An  anti-serom  for  anthrax  was  prepared 
by  Marchoux  by  immunizijig  sheep  or  rabbits  by  vaccination 
and  then  inoculating  with  progressively  increasing  doses 
of  virulent  anthrax  cultures,  tlie  quantity  being  doubled 
every  eighth  day,  until  ultimately  200  c.c.  to  iJOO  c.c.  of  a 
very  virulent  culture  is  given.  The  treatment  has  to  be 
prolonged  (live  months),  and  the  most  active  serum  is 
obtained  between  two  and  three  weeks  after  the  last  injec- 
tion. Sclavo  has  also  prepared  an  anti-serum  by  first 
immunizing  asses  with  a  vaccine  and  then  inoculating  with 
increasing  doses  of  virulent  cultures.  This  serum  has  been 
used  successfully  in  several  cases  of  anthrax  in  man. 

Vaccijic— An  attenuated  viruH  has  been  extensively 
employed  for  the  vaccination  of  cattle  and  sheep.  Cultures 
are  attenuated  by  growing  at  42*'-43**  C,  (Pasteur,  Chamber- 
laud,  and  Roux).  A  weak  vaccine  is  first  injected,  followed 
after  10-12  days  by  an  injection  of  a  stronger  vaccine. 
The  mortality  as  a  result  of  the  vaccination  is  smalt,  and 

*  'Cbeiuicni  Pathology  of  Diphtheria,'  dto..  Oulstoiilan  Lectures,  Brit 
MM.  Jotmx.  1892,  i.  p,  6-U. 
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the  animals  are  subaequtiutly  prot6cle<l  for  some  months 
againnt  the  virulent  diseaae. 

Clinical  Examination. 

1.  In  Vete  rim  try  Practice* — If  an  animal  is  auspectotl  tohavo 
died  from  aplonic  fever,  noestensivo  iiost-morttmi  slioakJ  bo  made, 
because  of  the  distribution  of  blood  kc.  couiatDing  tho  bacilli 
and  the  risk  of  the  development  of  spores,  and  their  subsequent 
disaemiuatian,  with  infection  of  (msiure.  The  abdomen  should  be 
opened  and  the  spleen  examined.  If  this  is  found  to  be  much 
enlarged,  and  so  soft  that  it  can  bardly  be  handled  without 
rupturcj  there  in  a  high  probability  of  splenic  fever,  which  the 
history  of  sudden  dejith,  with  or  without  symptnms  coupled  with 
a  sanguineous  discharge,  increases^  To  confirm  the  diagnosis, 
some  smear  preparations  should  be  made  from  the  spleen  and 
blood,  and  can  bo  stained  and  examined  on  arriving  home.  If 
slides  or  cover-glasses  are  not  available,  the  ear  or  a  small  piece 
ol  the  spleen  may  be  removed  and  taken  home,  where  the 
specimens  may  be  examined.  When  material  is  sent  from  a 
distance  for  examination,  the  ear  should  be  forwarded. 

The  smears  umy  be  stained  with  Loffler's  blue  and  by  Gram*s 
method  with  eostn*  Tho  characteristic  apixjarancos  of  these 
preparations  are  numbers  of  large  bacilli  formiog  chains  of  five 
or  six  segments,  and  if  tho  post-mortom  has  been  made  within  a 
few  hours  of  death  no  spores  are  visible.  If  tho  material  has 
been  kept,  methylene-bloe  .-staining  gives  the  mont  characteristic 
picture.  In  such  cases,  lanje  saprophytic  bacteria  sovieivhat 
resembliny  atttfvrax  are  always  jrreseni  and  must  not  be 
mistaken  for  that  ortjanisin.  If  a  hanging-drop  preparation  can 
be  made,  a  characteristic  is  the  non-motility  of  the  bacilli. 

The  stained  preparations  can  be  kept  and  produced  in  a  court 
of  law  if  necessary.  Cultivations  can  also  be  made  from  the 
spleen,  but  the  necessary  culture  media  are  not  of  course  usually 
forthcoming.  Finally^  a  guiiioa-pig  may  be  inoculated  sub- 
cutaneousiy  in  the  abdomen  with  a  particle  of  the  spleen,  and 
after  death  examined  microscopically  and  by  culture  methods. 

As  rejfards  the  dinp'taal  of  the  carcase  of  an  animal  dead  from 
authrax,  this  should  bo  buruod  if   pobaiblo,  but,  .failing  this^  it 
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nmy  be  bLiried  in  a  floop  pit,  preferably  with  plenty  of  limo.  All 
traces  of  blood  tvn<l  discharge  must  be  carefully  inoppod  up  with 
a  stroni,'  lime- wash  or  solution  of  chloride  of  liiue,  or  other  reliable 
disinfcHjtant. 

2.  In  Man. — In  nmlii^nant  puatuLo,  smear  apecimena  should 
be  prepared  from  the  Huiil  r»f  the  veaiclcH  or  with  the  scraping 
troiu  tb*i  incised  pustule,  or  sections  of  the  excised  puHtuIe  may 
be  made,  and  aUiued,  soiiit*  with  Liitller'H  blue,  otliers  by  fSram's 
method  with  eosin.  The  bacilli  are  ni^t  often  met  with  in  the 
blood,  except  shortly  before  death.  At  the  same  time  cuUivationB 
on  agar  and  gelatin  should  l>e  prepared,  and  may  yield  {H>sitive 
results  when  the  microacnpical  examination  has  been  negative. 
In  the  later  stages  of  the  disease,  the  bacilli  may  be  dlfiictdt  to 
find,  even  in  sections. 

In  all  ciises  of  doubt  a  guinea-pig  or  mouse  should  bo  inocu- 
lated subcutaneously  with  the  material,  aud  if  the  animal  dies, 
the  diagnosis  of  anthrax  may  be  conhrmed  by  the  characteristic 
appearances,  by  a  microscopical  examination,  and  by  cultivation. 
The  animal  experiment  is  by  far  the  most  certain  method  of 
diagnosis,  a  negative  result  being  nearly  SkS  valuable  an  a  positive 
one. 

N.B. — It  must  bo  noted  that  both  cultivation  and  inoculation 
experiments  may  fail  to  ^nvo  i^ositivo  results,  if  the  material  be 
old  or  putrid. 
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DU'IITMBKIA. 

Diplith«rla  in  Eni^Und — The  Diplitheria  BacilluH — The  Psoudo'Diphtheria 
ItacillLid  Clinical  Dmgnoaia— The  Xerosis  Bacillus  — Diphtheritic  Affec- 
tions of  liirds  and  Aoiuiitls. 

Diphtherift  seems  to  have  been  kno^vn  from  the  earlieBt 
ages,  being  recognized  by  the  elaesical  (medical)  writers, 
and  it  was  epidemic  in  England  and  on  the  Continent  during 
the  Middle  Ages.  Bretonneau  experienced  an  outbreak  at 
Tours,  1818-1821,  and  gave  to  the  diseaee  the  name 
'  Diphterite  *  (afterwards  changed  to  *  DiphWrie  ')  from  the 
formation  of  niembranes  which  is  so  marked  a  feature  in  it. 

In  England  the  diphtheria  deaths  have  only  been 
separately  scheduled  since  1855.  Since  1R81,  until  re- 
cently, there  has  been  a  steady  increase  in  the  prevalence 
of  diphtheria,  particuhitly  in  the  large  towns,  but  latterly 
the  prevalence  seems  to  bu  decreasing. 

As  regards  croup,  it  is  universally  admitted  that  the 
vast  majnrity  of  cases  of  raembranoutj  croup  are  wtses  of 
diphtheria.  In  consequence,  there  has  l)een  a  decided  change 
in  noinenclature,  aa  is  well  seen  in  the  following  table : 

Mortality\in\England  and  Walea  ittr  1,000,000  I'u^inf}. 


Period 

DIphtLeria 
186 

Gnmp  ' 

246 

Dlpbttieria  and 

LuryiigUU 

^nstlironC  nod 

18G1-70 

481 

61 

14 

1B71-80 

121 

166 

289 

48 

10 

IH81-90 

1G» 

144 

307 

fi4 

24 

1891-95 

254 

70 

324 

48 

21 

Ifi9«-1900 

372 

34 

806 

42 

1901-1905 

304 

10 

220 

37 

'  8m  Thf  Baeifr'wlogy  of  DiphtJttria,  Cambridge  University  Press,  1908. 
*  See  ilefnartt  on  Diphtheria,  New  Sydenham  Hoc.  1H39. 
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VariouR  writerR  have  Bhown  that  a  waterlof^ged  con- 
dition of  the  soil,  and  dampness  generally,  favour  the 
occiirrenco  of  diphtheria,  the  disease  diminishing  witli 
drainage. 

Diphtheria  is  distinctly  a  disease  of  the  young,  especially 
at  the  ages  from  two  to  ten,  and  this  hoUls  good  l»oth  for 
LoiKlon  and  for  England  and  Wales. 

Confiidfirahle  difference  of  opinion  has  existed  in  the 
past  as  to  the  nature  of  the  disBane  kno\Mi  as  diphtheria. 
At  pre.sent  all  are  in  the  main  agreed  that  it  is  an  infective 
disease,  but  observers  Rtill  differ  as  to  what  group  of  clinical 
charartorH  constituteR  diphtheria.  The  typical  cases  in 
which  there  is  a  washleather-like  membrane,  leaving  a 
hlo.eding  pateh  on  separation,  comparatively  low  tempera- 
tin-e,  prostration,  and  albuminuria,  are  frequently  departed 
from,  and  the  most  experienced  physicians  are  sometimes 
deceived  by  cases  which  run  the  course  of  a  mild  tonsillitis 
and  afterwards  develop  paralysis.  It  is  safer,  and  probably 
more  correct,  to  regard  diphtheria  as  a  diseaso  showing 
marked  variations  in  the  clinical  manifestations,  gravity, 
and  sequela*,  and  not  to  depend  on  any  one  symptoni  or 
group  of  symptoms  for  its  diagnosis.  That  diphtheria  is 
an  infective  flisease  is  amply  proved  by  the  history  of  epi- 
demics, and  by  the  recorded  eases  wliere  the  disease  has 
been  conveyed  from  one  individual  to  another. 

The  bacteriological  study  of  diphtheria  was  commenced 
as  long  ago  as  1882  by  two  German  investigators,  Klebs 
and  Lidller.  Klebs  e*^pecially  investigated  the  pathological 
histology,  and  ascribed  the  disease  to  small  rod-shaped 
organisms^  which  he  observed  were  present  in  the  mem- 
brane* It  was  reserved  forLoffier  to  place  this  observation 
of  Klebs  on  a  firmer  hasis  by  the  isolation  and  cultivation 
of  the  bacillus  from  the  membrane,  and  by  the  production 
of  certjiin  phases  of  the  disease  by  inoculation  with  the 
isolated  organism.     The  cause  of  diphtheria  is,  therefore. 
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this   tliphtheria    luifillus,    which    from    its   rlis(>overeT8   is 
fi-tH[uorilly  ki»owii  jih  tli«  KlehH-Lortler  i)ji<'il!iiH. 

The  isoliitiou  of  the  speciiic  organism  was  hy  no  uieiinH 
an  eaay  matter,  as  a  number  of  species  of  bacteria  is  fre- 
quently asHociated  in  the  meuihrane.  Tho  organism  t-au  he 
readily  isolateil  from  the  memhranG  hy  the  employment  of 
a  special  cultm'e  medium,  Loner's  blood  serum,  which 
conHiHts  of  a  mixture  of  blood  serum  (ox  nermii  was  that 
originaHy  used)  3  parts  and  glucose  bouillon  1  part,  tiie 
whole  being  coagulated  (see  p,  53).  On  this  medium  the 
tliphLln'ria  bairillus  grows  and  mnhipli«^K  exceedingly  well, 
while  the  otiier  organisms  associatotl  with  il  in  the  mem- 
brane are  to  a  largo  extent  inhibited  in  Iheir  growth,  B}' 
rubbing  a  sninll  piece  of  membrane  from  a  case  of  <h*i)hth(M*ia 
oviT  the  snrface  of  two  or  three  tubes,  or  of  a  plate  of 
LolHer's  serum,  and  incubating  at  ^1"  C.  for  twenty  to 
twenty-four  hours,  colonies  of  the  diphtheria  bacillus  will 
be  f*jund  more  or  less  isolated  according  to  the  number  of 
organisms  present  in  the  membrane,  and  b}'  subeulturiug 
from  these,  pure  cultures  may  be  obtained. 


b 


CFiAriACTKus  OF  TiiK  DiniTiiiciUA  Bacillus. 

Morphfihig}/..—'Y\}G  B.  dlphthcyur  is  a  stnall,  delicate 
bacillus,  with  rounded  eiids,  measuring  3  or  1  /i  lU  length. 
The  size  is  somewhat  variable  even  on  the  same  medium, 
and  three  varieties  of  tbt^  bacillus  have  been  described, 
viz.  long,  medium,  and  short,  according  to  its  length. 
Some  of  the  rods  Ixith  in  cultures  and  in  the  membrane 
are  usually  somewhat  swollen  at  one  end,  the  so-called 
club(>ing,  and  ptirallt»l  grouping,  both  in  the  membrane 
and  in  cultures,  is  almost  universal,  the  l>acilli  lying 
parallel  side  by  side  (Plate  VI.,  a).  This  parallel  arrange- 
ment arises  from  the  peculiar  mode  of  division  of  the 
bacillus.     If  a  cell  be  observed  upon  a  warm  stage,  it  first 
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rt.  The  KuiBs-Lfimjai  on  DipnTWKiiiA  BACiiiLus 
CovKn-oLAtiii  pRKi'AiUTioM  or  A  Sjckuh  Gultokk.      X  li>OU. 


h.  SBcnoN  or  DeritTRKiUTSc  MnMimAKK  nrru  KuBoe-Ln'VFFLEu  Baoilu. 
UkAM  AXD  BoHun.      )t  750. 
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eTon^^iites,  then  boromeH  constrirlo*!  at  alwuil  its  niirldle, 
anil  then  .sUiUleiily  out-  Hide  t^i  i\m  rell  hif)ml»ratui  s*^fiMiH 
to  rupture  and  one  lialf  of  the  cell  bends  over  to  the  other, 
so  that  the  two  iialves  form  w  V.  Thin  modo  of  division 
occiu'rinp;  in  foiiii«:;uouH  collhi,  and  being  repeated,  and  the 
cells  thu8  heeoining  more  and  more  crowded  together, 
leads  to  l\w  arninf:;«MnBnt  in  parallel  serien.  Distinct  thread 
and  blanching  foruiH,  though  of  rare  occurrence,  may  be 
met  with,  but  it  is  very  common  for  the  bacilli  to  bo 
joined  end  to  end  in  a  series  of  twos.  On  different  nn^dia 
there  are  alno  contiiderable  variations  in  siy.o.  On  bluod 
sennn  and  on  gelatin  the  bacilli  are  of  medium  length  ;  in 
broth  they  tend  to  be  short  and  stunted  ;  while  on  ap;ar, 
GHpocially  glycerin  agar,  tliey  arc  much  larger  than  on  the 
former  media.  Variations  in  form  are  also  almoHt  in- 
variably met  with  on  culture  media.  This  is  especially 
marked  on  glycerin  agar,  long  club-shaped  and  wpindle- 
nhapod  rods  being  abundant;  on  blood  serum  tliey  also 
occur,  but  sparsely  in  a  young,  eighteen  to  twenty  hours* 
culture,  in  a  forty-eight  hours'  culture  more  numerouHly. 
It  is  non-niotile,  does  not  form  spores,  and  ir  acrfdnc  and 
facultatively  anaerobic. 

Staiftiug  lUarfions.—  The  B.  (liphtheritr  stains  well 
with  the  ordinary  anilin  dyes  and  is  Gram-positive.  The 
most  ('haracteristic*  appimraiice,  perhaps,  is  obtained  by 
staining  witli  Lofiier'B  methylene  blue.  The  coloration  is 
usually  somewhat  irregular,  more  deeply  stained  portions 
alternating  with  paler  intervals,  thewo-called  Begmontaii<m, 
and  especially  uuirked  with  agar  cultures.  The  entls  of  the 
organisms  are  also  fretpiently  more  deeply  stained  than 
other  parts,  the  so-called  polar  stHuiing,  while  the  pheno- 
menon known  as  *  metachromatlsm  '  is  often  marked  both 
at  the  poles  and  also  in  the  rod,  ap[teariug  as  granules  of  a 
purplish  tint  and  contratiting  with  the  blue  of  the  nuithylene 
blue.     With  Neisser's  stain  (p.  270)  deep  inky  coloured  dots, 
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appmrinfj  Koinewbat  larger  in  (Hfttueter  than  the  rodg, 
occur  at  tlie  poles  of  Uie  organism  and  occasionally  at  the 
centre. 

Cultural  Reactions, — The  diphtheria  bacillus  is  an 
a*'robif^  and  alnfi  a  faciiUativcfly  anatTohii',  or^'anism,  and 
pjrowH  well  on  all  the  ordinary  cnlture  media,  forming  cream- 
coloured  growths  or  colonien,  the  latt'er  on  Bcrum  tending 
to  he  somewhat  flattened  with  repjnlar  marj^dns.  It  f^rowH 
slowly  on  gelatin,  forming  a  raised  whitish  growth  without 
lir|uefaetion  of  the  medium,  and  llourisheR  in  milk,  witli 
the  production  of  an  acid  reaction,  l>ut  without  curdluag. 
In  hroth  Home  strains  nrive  a  rrrainilar  growth  on  the  sides 
and  at  the  holtoin  of  the  tube,  the  hroth  remaining  rdear, 
sometimes  with  a  thin  surface  pelh'cle  :  otlier  strains  may 
render  the  hroth  tuvhid  throughout.  On  potato  the  growth 
is  slight  and  invisible. 

The  indole  reaction  can  he  obtained  in  peptone  water 
cultures  either  with  or  without  a  nitrite,  hut  the  writer  has 
shown  that  this  reaction  is  due,  not  to  iiulole,  hut  to  skatole- 
carboxylic  acid  {see  below,  p.  264). 

The  diphtheria  bacillus  attacks  glucose  and  lact-ose  with 
the  formation  of  acid,  but  no  gas  (see  Table,  p.  2(jH).  As 
regards  the  production  of  acid,  Neisser  found  that  during 
the  first  nine  hours  there  is  little  or  none ;  at  the  end  of 
tweuty-four  hours  a  considerable  quantity  has  Iteen  formed, 
p.nd  the  amount  increases  until  the  end  of  the  second  day, 
after  which  the  production  ceases. 

The  li.  diplitherla'  is  agglutinated  by  the  serum  of 
patients  and  hy  a  diphtheria  serum,  but  the  test  is  difficult 
to  apply  on  account  of  the  coherence  of  the  growth,  is  some- 
what erratic  with  dift'erent  strains,  and  is  of  no  practical 
value  in  the  diagnosis  of  the  disease^  and  little  for  the 
recognition  of  the  organism  and  for  distinguishing  it  from 
the  so-called  '  paeudo-diphtheria  '  bacilli. 

The  Klebs-LolHer  bacillus  retains  its  vitality  in  cultiva- 
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It;  ia  readily  destroyed 
but  in  the  membrune  it 
will  peneti-iite  atid  kill 


tiou  for  II  month,  mid  when  dried  for  three  or  foui*  weeks. 
According  to  Welch  and  Abbott,  it  ia  deHtroyed  in  ten 
muiutes  by  a  tempei'aturo  of  58*  C. 
l)y  autifiepticH  when  in  fuUivattoii, 
in  dilHcndt  to  find  an  agent  which 
the  bacilli  beneath  the  surface. 

The  diphtheria  baciUns  and  its  characfcerH  under  culti- 
vation have  been  deHcribed  somewhat  fully,  because  of  the 
importance  of  tlie  identification  of  the  organism  as  a 
meana  of  clinical  diafiuosis.  As  mentioned  at  the  com- 
mencement of  this  cliapter>  the  clinical  diagnosiw  of  diph- 
theria presents  many  dirticultiea,  and  considerable  assistance 
may  bo  derived  from  a  bacteriological  examination.  The 
diagnosis  is  based  on  the  presence  or  absence  of  the  Ktebs- 
Liil^ler  bacilluH  either  in  smears,  or  in  cultivations,  made 
fnjm  the  membrane  or  secretion  (see  p.  2(\H).  This  method 
is  of  very  real  atisistance  in  doubtful,  and  eapecially  in 
mild,  cases,  where  clinically  it  would  be  very  difficult  to 
say  wliether  the  condition  is  diphtheritic  or  no.  The  mild 
cases  are  thoHe  which  it  is  of  the  greatest  importance  to 
identify,  eapeciallj  in  schools,  for  if  not  recognised  the 
patients  may  ^o  about  and  prove  a  sourct^  of  infection  to 
all  around.  The  method  also  affords  valuable  evidence  as 
to  when  a  case  can  be  considered  free  from  infection  ;  as 
long  as  bacilli  are  present  in  tlie  throat,  infection  must  lie 
possible,  and  the  length  of  time  for  which  they  may  occa- 
sionally persist  is  remarkable.  In  half  the  cases  tlie 
bai-illi  disiippeai'  within  three  days  of  tlie  diHappearance  of 
tho  membrane,  in  a  few  cuses  they  linger  fur  us  long  as 
three  weeks,  but  they  may  persist  much  longer.  The  writer 
isolated  them  for  as  long  as  five  months  (an<l  virulent 
to  the  last) ;  and  a  cuse  is  recorded  in  which  they  persisted 
for  no  less  than  lifteen  months  after  the  attack.  In  all 
cases,  two  or  three  uxaminiUions  should  lie  made  at  short 
intervals  with  negative   results   before  the  bacilli  can  be 
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pronounced  to  hi\  iibBent,  and  no  ease  shoultl  lie  discharged 
from  huspiUil  until  the  absence  of  LiieilH  has  thus  been 
proved,  AVhen  bacilli  puTBiKt^  trtnitnient  with  antiseptic 
sprays  or  garglet'^  especially  an  aijueoiiB  solution  of  1-2000 
corroHive  subliTnate,  combined  with  Hvriuging  tho  nosi", 
usually  Koon  causes  their  disappearance.  Syringing  the 
nose  is  important,  for  the  bacilli  probably  extend  lo  the 
poHt-nasal  space,,  where  they  are  untouched  by  a  throat 
spray  or  gargle.  Another  mode  of  treatment  bus  alwo  been 
adopted.  A  polyvalent  auti-microbic  agglutinating  anti- 
diphtheria  serum  has  been  prepared,  dried,  and  compressed 
into  tablets,  one  of  \Yhich  is  dissolved  in  the  mouth  every 
two  hours,  and  fifteen  minutes  after  solution  the  naso- 
ptiarynx  is  lluHhud  with  pbyHiological  salt  Bolution,  This 
is  stated  to  get  rid  of  the  bacilli. 

With  regard  to  the  value  to  be  attached  to  the  bacterio- 
logical examination  for  diiihtheriu^  while  the  linding  of  the 
bacilli  is  proof  positive  of  the  diphtheritic  nature  of  the 
aflfet'tion  and  its  infective  nature,  tfieir  absence  is  not  of  so 
much  value,  as  various  circumstances  modify  the  result. 
F(jr  example^  an  unskilled  person  may  not  happen  to  touch 
the  riglit  spot  with  the  swab,  or  from  struggling  ttc.  on 
the  part  of  the  patient  even  a  skilled  opsrator  may  fail  to 
reach  any  but  a  small  portion  of  the  mucous  membrane, 
insteiid  of  obtaining  a  good  mop  from  all  over,  especially 
when  there  are  no  deliuite  patches  of  membrane.  The  use 
of  antiseptic  gargles  nr  paints  shortly  bef<ire  the  swabbing 
iH  taken  will  likewise  prevent  the  growth  of  the  bacilli. 
It  Bometimes  happens  that  a  very  mixed  growth  is  obtained 
in  the  cultures,  and  in  such  cases  the  Khibs-LulUer  bacilhis 
may  be  niisHe<b  Bearing  hucli  sources  of  fallacy  in  mind, 
and  making  due  nllowancoH  for  them,  the  negative  result 
i>f  a  bacteriological  exumination  may  have  considerable 
value  in  those  cases  which  clinii-nlly  are  doubtful.  //( 
no  cast  where  there  is  a   reasonable  snspicion  vf  diph- 
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theria  should  treatment  irith  antitoxm  he  delayed  until 
the  hacicriuluf/ical  report  i$  obtained. 

The  bacilli  from  the  throat  are  frequently  aBSOciated 
with  other  urganisms,  bspecLally  micrococci  imd  toruhf  ; 
und  thosti  ciiseH  in  which  the  temponiture  temk  to  be  high 
and  the  throat  fetid  are  usuallj'  a  mixed  infection  of  dipli- 
theria  bucilli  with  the  Streptococcus  ptjotjenes  or  Micro' 
cuvctiHiii/uijeneSj  var.  aureus*  Tlie  fact  of  bucIi  mixed  infec- 
tion cannot,  however,  be  definitely  decided  from  the  cultm*eB, 
as  these  organisms  may  be  present  in  tbo  mouth  or  throat 
without  necebBtti'ily  taking  part  in  the  infective  procertH. 
Kor  can  the  severity  of  the  disease  be  gauged  from  tlie 
chanicterH  or  numbers  of  the  diphtheria  bacilh  and  other 
organisms  present,  though  perhaps,  in  a  number  of  cases, 
thofie  which  yield  pure  or  almost  pure  cultures  of  bacilli 
will  probaldy  be  more  severe  than  the  cases  which  yield 
cultures  with  few  biirilli.  It  has  lieen  wtuted  that  the  lon^ 
fortn  of  the  diphtheria  bacillus  is  the  most,  and  the  abort 
form  the  least,  virulent,  the  medium  being  intermediate, 
but  this  is  by  no  means  a  universal  rule.  Westbrook  '  h»K 
divided  all  forms  of  the  diphtheria  bacillus  into  three 
groups,  distinguished  by  their  staining  reactions  with 
methylene  blue.  Those  with  deeply  staining  gnmule.s  he 
calls  *  f/rututlar  forma,'  those  with  transverse  bauds 
*  barred  /itrms^'  and  those  staining  evenly  *  solid  forma. ^ 
Eifcch  group  is  further  divided  into  seven  types  according 
to  shape  and  size,  the  tyi>es  l>eing  designated  by  the  letters 
A  to  (i  and  bt;irig  progreBHively  snial!(ir  from  A  to  (t. 

It  is  sometimes  stated  that  a  microscopical  examination, 
unlesB  controlled  by  inoculation  of  the  isolated  bacteria,  is 
uuioliablt!.  Surli  a  HLatenient  is  extremely  misleading.  If 
the  bacilli  which  have  been  cultivated  from  a  suspicious 
throat  possess  all  the  characters  of  diphtheria  bacilli^  in- 
oculation ex|)erimeuts  are  not   needed,  and  if   they  were 

'  Ucp.  Mintte-sota  State  liitard  »f  Health,  lHm»-1000. 
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perfc^rmed  with  a  ne<,'ative  result  (i.e.  the  baeteriu  were  not 
virulent)  would  prove  nothing,  for  the  bacilli  from  different 
parts  i>f  a  culture  from  a  throat  often  possens  different 
degrees  of  virulence,  OccaBionally,  it  is  true,  even  the 
expert  may  he  in  doubt  about  a  particular  buctllus,  but  such 
caseb  are  rare  and  probably  do  not  occur  more  than  once  in 
100  cases.  Here  an  inoculation  experiment  might  help, 
but  would  be  of  no  value  if  a  negative  result  were  obtained. 
It  ie  absolutely  essential  in  tlie  microscopical  examination 
for  diphtheria  to  use  a  good  lens,  good  illumination,  and 
sufficient  aniplitication,  not  less  than  800-lOOU  diameters. 

The  result  of  the  examination  of  specimens  from  1000 
cases  of  suBpected  diplitheria  by  the  writer  and  Nolan  '  was, 
that  in  587  cases  the  diphtheria  bacillus  was  found,  in  109 
cases  it  was  not  found,  and  in  four  instances  bacilli  were 
observed  the  identity  of  whicli  was  doubtful.  Thus  58*7 
j>er  cent,  of  the  cases  were  true  diphtheria.  In  40't»  per 
cent.,  or  about  twti-tiftha,  of  the  rases  the  diphtheria  bacillus 
was  not  found,  and  the  majority  of  these  were  probably  not 
diphtheria.  A  few  may  have  been  diphtheritic,  tlumgh  for 
some  reason  or  other  the  bacilli  were  not  found,  but  the 
error  so  introduced  would  probably  not  amount  to  more 
than  2  or  3  per  cent. 

In  (>00  of  the  cases  notes  were  kept  as  to  the  organisms 
presunt  in  the  cultivations,  and  the  results  are  set  forth  in 
the  opix)site  table. 

The  results  are  only  approximate,  as  tliey  are  based  on 
the  more  or  less  brief  examination  nvcessary  to  iletermine 
the  presence  or  absence  of  the  diphtheria  bacillus,  and  no 
special  pains  were  taken  to  observe  all  the  organisms  which 
might  have  been  present.  It  is  not^wortliy  that  the  dipli- 
theria  bacillus  waa  obtained  practically  in  pure  cultivation 
in  no  fewer  than  *21*)  out  of  the  H58  cases  in  which  it  was 
found.  In  only  six  was  it  associated  with  the  streptococcus 
*  UriL  Med.Journs  isyu,  i.  Ftb.  I. 
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alone  ;  but  too  much  strebs  must  not  Ije  luicl  on  this  point, 
for  ItL  a  number  of  inatanceB  the  mode  of  iranBrninnion  of 
the  Kpecimen  was  not  favourable  to  the  vitality  of  the 
HtruptopoecuHj  nnd  in  others  it  wan  (hnihtless  overlookefl,  or 
perhnp.s  included  among  micrococci.  All  the  forms  of  the 
diphtheria  bacillus  were  met  with. 


Till'    fi*Uo>klui^     Urj^rauiBiii.i    wvre 
jiTcsent  alutic  or  asMxiUtod  wlib  Uiu 
0.  'UpMh-^H't : 

Cnws  to  wlilob  the 
Diphtheritt  Bh/'IIIiu 
wu  preteai,  kIodc 
or  usoclatcd  with 
otbvr  OrBftnisBifl 

Cmm»    iu    wlibih     t\« 
Diphtberia  B>cillufi    wm   , 

Kl>KUt 

B{^UluA  diphtheruc  alone 
Streptococci  .... 
Micrucocci      .... 
Bacilli    ..... 

TorulEC 

8arcinie 

Streptococci  uml  micrococci  . 
Micrococci  and  bucilli    . 
ijtrtfptocucci  auil  UiciUi . 
Torulu:  and  liociUi . 
SiirainiD  and  bucilli 
Mieioc*x;ci  (iiicludin)^  slrepto- 

cocci)  and  sarcinin 
Micrococci  (including  »trepto- 

cuoci)  and  *-oruUc 
Many  forma  prcHcnt  Icgether 

216 
6 
56 
19 
9 
6 
9 
9 
1 
1 
0 

6 

4 
19 

Ptwndo-Diphtheha  3 

as 

70 
41 

1 

3 
S3 
10 

6 

3 

3 

8 
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15 
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Pathogenicity, — The  diphtheria  bacillua  is  pathogenic 
for  man,  the  horse,  o.x,  rabbit,  guinea-pig,  cat,  chicken, 
pigeon,  and  finclies,  which  ate  all  more  or  lesH  ausceptible, 
while  mice  and  rats  are  immune.  In  man  the  respiratory 
tract  is  usually  affected,  though  the  conjunctiva  and  other 
nuicous  membranes,  as  in  the  vagina  and  Htomacli,  and 
woundh  uuiy  be  attiicked.  A  ruumbrane  UKiuilly  forms, 
consisting  of  lamimc  of  fibrin  with  a  few  leucocytes  and 
other  rolls,  and  horo  and  there  small  uti'uHions  of  blood, 
with  coagulative  necrosis  of  the  LUiderlying  mucous  mem* 
brane,  and  in  this  membrane  the  bacilli  are  for  the  most 
part  located  in  the  superiiciul  layers  (Plate  VI.,  ^),  tljough  in 
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all  cases  in  which  the  disease  has  lasted  for  any  time 
they  are  found  in  the  lungs,  spleen,  and  kidneys,  and 
may  occur  even  in  the  blood.  If  the  patient  recovers  from 
the  diphtheritic  attack,  paralytic  netpielffi  are  far  from  un- 
common, and  are  due  to  a  peripheral  neuritia.  Membranes 
may  be  formed  by  other  organisms,  especially  the  strepto- 
coccus, alHo  by  the  pneiunoljacillus,  and  occur  in  Vincent's 
angina  ([>,  27'2),  but  it  is  doubtful  whether  paralytic  sequehe 
follow  liny  but  a  diphtheritic  infet-Lion. 

Some  remarkable  skin  afftsctions  of  an  eczematous  or 
ichthyraatons  nature  have  lieen  found  by  Hare  *  and  others 
to  be  due  to  the  diphtheria  bacilluy. 

Another  condition  which  seems  to  be  generally  diph- 
theritic is  membranous  rhinitis.  Wlieroas  true  nasal 
diphtheria  is  a  most  serious  condition,  nienibranous  rhinitis 
is  HL^Ubtni,  if  over,  attended  with  any  risk  to  life,  stuiucla'  do 
nift  occur,  and  it  is  rare  to  obtain  a  histoi^y  of  infection 
from  cases  of  it.  This  is  extraordinary  and  very  ditticuU 
to  explain,  for  the  nose  and  nasal  secretion  swarm  with 
virulent  diphtheria  baiiilli. 

Diphtheroid  orj^anisms  fan  occasionally  l>e  isolated 
from  w*ell  people  and  those  not  known  tu  have  been  in 
contact  with  diphtheria  cases.  The  Klebs-Loffler  bacillus 
c:ui  be  isolated  from  (he  thnuits  of  nearly  7  per  cent,  of 
the  prcHuniably  healthy  population,-  in  the  throats  of  con- 
tacts the  i}ercentage  rises  to  33  or  more.  Murray  and  the 
writer  •'  found  diphtheria-likB  but'illi  in  58  out  of  ;iH5 
children  (15  per  cent.)  admitted  into  the  Victoria  Hospital, 
Chelsea. 

Fcji'd  Uobei'tsun  Imlieves  that  dipbtheroi<l  organisms — 
possibly    the   Ivlebs-Lotller    bacillus   itself   -may   play   an 


I 


'  Laut:€t,  I'.WH.  i.  p.  'iSa. 

^  8€«  I'Wi-c.  Ihit.  Mid  Jonru.  1905.  ii.  p.  UOJ. 

'  Brit.  Alal.  Jnuni.  1!»0I.  i.  p.  M74.     Sco  -ilso  Grithiim-Hmith, /own*. 
of  Hyffietie,  iii.  nH)a.  p.  216. 
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important  part  in  the  production  of  general  paralysis  of 
the  insiine.  His  views  have  not  guined  general  acceptance, 
and  Eyre  {loc.  cit.)  found  that  the  percentage  incidence  of 
all  diphtheroid  organisma,  and  of  the  true  B.  dlphthenfC, 
in  the  throats  of  tlie  insane  was  not  greater  Llian  in  well 
persons,  and  was  unable  to  isolate  the  latter  post  mortem 
from  i-nntiH  of  j^etieral  paralysis. 

Guinea-pig8  are  the  aniiuala  generally  employed  for  ex- 
perimental purposes,  and  in  order  to  compare  the  effects  of 
varitjUB  bacilli  it  is  customary  U*  make  the  inoculation  with 
a  measured  volume  of  a  forty-eiyht  hours'  broth  culture. 
From  O'l  c.c  to  2  c.c.  of  such  a  culture,  according  to  the 
virulence,  inoculated  subcutaneoualy,  is  usually  required  to 
kill  a  250-};ram  guinea-pig  within  forty-eight  hours.  At  the 
seat  of  inoculation  an  extensive  hemorrhagic  adema  forms, 
and  hiemorrhagoa  occur  in  the  serous  membranes,  and 
especially  in  the  adrenals,  while  the  renal  epithelium  and 
the  liver  cells  undergo  cloudy  degeneration. 

Inoculated  into  tlu;  trachea  of  the  guinea-pig,  rabbit, 
and  uhiekea,  [iseudo-membranes  form,  and  the  same  occurs 
with  the  superlicially  injured  conjunctiva  and  vagina.  It  is 
stilted  by  some  that  the  diphtheria  bacil his  does  not  develop 
on  a  normal  mucous  membrane — this  must  hrst  be  injured, 
and  the  staphylococcus  aiul  titreplococcus,  su  often  associated 
with  tlie  ilijihtluiria  bacillus  in  the  human  subject,  may  play 
a  part  in  preparini;  the  way  for  infection  by  damaging  the 
cells  and  tissues.  Rabbits  usually  live  somewhat  longer 
than  the  guinea-pig  ufiur  inoculation,  and  paralysis  fre- 
ipietitly  devebips  if  life  is  prolonged,  simulating  the  post- 
tliplitlicritic  paralysis  of  nmn. 

The  *|uestion  of  the  occurrence  of  the  KlebH-LofHer 
bacillus  in  tlin  lower  animals  ir  of  coiiHideialdu  ini[HU*tanco 
with  regard  to  the  spread  of  the  disease  and  the  conveyance 
of  infection.  The  so-called  diplitheritic  affections  of  pigcouH, 
poultry,  and  calves  (referred  to  more  in  detail  below,  p.  27-1) 
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have  certainly  nothing  to  tlo  with  human  diphtheria.  A 
number  of  observera  assert,  however,  that  cats  may  suffer 
from  the  disease,  which  in  these  animala  runa  a  chronic 
coiu'se,  and  is  associated  with  bronchitis,  lobular  pneumonia, 
nephritis,  and  wasting.  Klein  ^  pointa  out  that  not  only 
art)  cats  liable  to  the  disease  hi  houneft  where  diphtheria 
has  occurred,  but  that  a  simihir  infectious  disease  exists 
uaturuUy  among  cate^  and  Bymptoms  Kiuiilar  to  this  natural 
disease  may  be  produced  l>y  inoculating  healthy  cats  witli 
the  Klebs-LoiHer  bacillus.  The  diphtheria  bacillus  has 
also  been  isolated  from  the  horsed' 

Several  epidemics  of  diphtheria  seym  to  luive  been 
traced  to  an  infected  milk  supply.  In  some  instances  tlie 
infection  has  uudoubtedly  Iveen  derived  fi'om  contamination 
from  a  human  source,  but  tn  others  this  mode  of  infection 
could  not  be  demonstrated,  and  it  hua  been  suggested  that 
certain  eruptive  conditions  on  the  teats  and  udder  of  the 
cow  may  be  caused  by  the  Klebs-LofHer  bacillus  and  the 
milk  Imccjme  infected  therefrom.  Klein '^  hu.s  made  some 
experiments  with  a  view  of  determining  tins  point.  He 
inoculated  healthy  cows  in  the  Bhoalder  with  a  bouillon 
culture  of  the  diphtheria  bacillus.  This  caused  fever  and 
local  swelling,  and  in  about  a  week  a  paimlar  and  vesicular 
eruption  appeared  on  the  udders  and  tejits.  The  JJ,  diph' 
tht'fifi!  wan  isolated  from  the  contents  of  the  vesicles  and 
also  from  the  miik  on  the  fiftb  day,  but  not  subsequently. 
The  cows  died  in  two  to  lour  weeks,  and  the  iL  diphthcrUc 
was  obtained  from  the  local  lesioiiK.  Abbott*  obtained 
somewhat  ditfeient  results^  but  Klein  '  jioints  out  that  these 
experiments  were  not  performed  undi-r  exactly  the  same 
conditions  as  his  own. 


•  ii(i/».  Mill.  OJfiMr  Lot',  (iuv.  Linird  fui  iHHit,  ji.  162. 
■  CubhfcU.  Ctnlr.j.  Daht.  xxviii.  No.  ll».  i».  ii3I. 

•  BeiK  Mai.  Ojjictr  Loc.  Cioi\  Hmrd  for  IHMU  nml  IK&O, 

'  Jottrn.  Path,  and  Bad.  ii.  I81M,  p.  35.         *  Ibid.  p.  428. 
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Klein,  Eyre,  Dean,  and  ^farHImll,'  hare  iBolated  the 
liiplitheriii  l^acilhis  from  milk.  It  is  to  be  noted  that 
diphtheria-lik<^  hut  non -pathogenic,  Imcilli  are  often  to  be 
found  in  milk  and  rheese  (see  section  on  Milk). 

Toxins,  Diphtheria  toxin  has  not  been  obtained  in  a 
state  of  purity  and  its  exact  chemical  nature  is  unknown. 
Loffler  first  investif^^ated  the  chemical  products  formed 
by  the  diphtheria  hacilluH,  and  by  proeipitutinf;;  liuuillon 
cultures  with  alcohol  obtained  a  white  toxic  substnnce  which 
he  classed  amon((  the  enznnos. 

Rous  and  Yersin  precipitated  the  toxin  from  filtered 
broth  cultures  l>y  meang  of  absolute  alcohol,  and  also  by 
the  addition  of  calcium  chloride.  They  foimd  that  0*4  mgrm. 
was  Kullicient  to  kill  eight  guinea-pigs  or  two  rabbits,  and 
considered  it  to  be  an  enzyme. 

From  the  blood  and  spleen  of  cases  of  diphtheria  Sidney 
Martin  ^  isolated  albumoses  (chiefly  deutcro-alljumose)  and 
an  organic  acid^  but  no  basic  body.  Injected  subcutaneously 
the  albumose  produces  much  ii-dema  and  in*egularity  of 
temperature ;  in  larger  doses  depression  of  temperature 
with  paralysis  and  coma.  Small  multiple  doses,  not  suffi- 
cient to  destroy  life,  may  give  rise  to  some  fever,  atul  in 
two  or  three  days  to  paralysis  of  the  hind  legs  in  rabbits, 
with  general  weakness  and  loss  of  weight.  Post  mortem, 
the  nerves  are  found  to  have  undergone  degeneration — 
breaking  up  and  disappearance  of  the  myelin  and  inter- 
ruption of  the  axis  cylinder,  while  the  heart  is  fatty.  The 
organic  acid  is  also  a  nerve  poison^  but  is  not  so  toxic  as 
the  albumose.  From  diphtheritic  membrane,  extracted 
with  10  per  cent,  salt  solution,  only  traces  of  albumose  and 
organic  acid  were  obtained,  but  the  extract  was  highly  toxic, 
producing  fever  and  paral^'sis.  Sidney  Martin  suggests  that 
a  body  of  the  nature  of  a  ferment  may  be  present,  and  that 

'  Jot/m.  of  Hijgi^ne.  vii.  1907,  p.  32  (Befs.). 
«  Brit.  Med.  Jount.  1892,  i.  p.  6U. 
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the  ferment  in  the  membrane  on  ftb8orpti<^tn  may  perhaps 
form  the  albuinose  in  Uih  IhmIv.  Fnmi  niltureH  of  the 
fliphthfiria  batnllus  in  iill^iili-albunnn,  allinnniseanil  organic 
acitl,  with  similar  actions  Uy  thfise  iKi>laiM(l  frfmi  tlio  ImkJv, 
wtn-fi  o])tained. 

Brieger  and  Frankel  (lrt90)  were  una!>le  to  liud  any 
basic  Bubstance  in  cultures,  and  concluded  that  the  toxic 
Hubstanco  was  a  protein  body,  which  they  designated  a 
*  tox-alliiiniin.'  Tt  wan  deHtroyed  by  a  temperature  of 
00  C.  but  not  by  one  of  50^  C,  even  in  the  presence  of  an 
excees  of  hydrochloric  acid,  and  hence  is  probably  not  an 
enxyuie.  The  tox-albmnin  is  non-dialys!i))le,  is  prei^ipitaled 
by  Hfituration  \viili  atinnnnimu  sulpbalo  liut  nut  with  inag- 
npsimn  Hulpliate,  and  hence  is  neither  a  peptone  nor  a 
glolmlin,  contains  a  bivge  amount  nf  sulplinr,  ami  gives  the 
biuret  and  Millon's  tents.  A  curious  pn*p(^ity  of  this  L)ody 
ift  that  Htuall  quantitioH  (*2'5  mgrm.  per  kilogram  of  the 
l)ody  \voi|;ht)  (U>  not  iirodiice  their  effects  utitil  tlit!  lafvso 
of  weeks.  Brief^er  and  Boer  in  a  later  roseart-h  propare<l 
the  diphtheria  tox-aIi»umin  by  precipitating  u  Inniillon 
culture  with  a  1  per  cent.  snluti<m  of  zinc  sulphate  or 
chloride,  'i'he  precipitate  of  the  zinc  doitble  salt  waa 
washed  with  sliglitly  alkaline  water  and  decomposed  with 
a  stream  of  carlionic  acid  gas.  The  purifiod  tox-albumin 
gives  the  xanthoproteic,  biuret,  and  Adamktewic/'s  reac- 
tions, and  the  red  cobu'atton  on  heating  with  Millon's 
reagent. 

Fninkel  in  some  researches  on  immunity  came  to  the 
conchisiiHi  that  cultures  contain  two  protehi  bodies,  one  of 
which  is  ix>isonous  and  is  destroyed  at  a  temperature  of 
iiri'  i<}  70"  C,  while  the  other  gives  immunity  and  is  not 
destroyed  ut  this  temperature. 

The  toxm  broth  is  probably  a  complex  mixture  of  toxic 
constituents  belonging  to  the  proteins  (sec  p.  2^1),  its 
poisonous  property  is  destroyed  in  tiv«  minuies  by  foiling, 
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fit  lower  temperatureH  more  fllowly,  l)y  Hgl»t»  and   rm  keep- 
uij<  gradually  diminishes. 

Diphtfuria  Ajititoxin,— By  the  injection  of  Bub-letlial 
and  increasint^  doHes  of  tlie  toxin  into  an  animal  an  anti- 
toxin IB  gBnerated.  For  thfi  prq^aration  of  a  iiotent  anti- 
toxin for  therapeutic  use  the  first  essential  in  a  highly  toxic 
toxin  ;  for  this  a  diphtheria  haeilhis  of  high  virulence  is  re- 
quired, and  hut  ftiw  strains  possess  the  necessary  virulence. 
The  virulent  harillus  is  grown  in  an  alkaline  broth  {rendered 
alkaline  to  the  extent  of  alwut  8  c.c.  of  nornuil  caustic 
soda  solution  t^-r  litre  beyond  tlie  neutral  point  to  litmus) 
for  about  a  week  at  S7^  C.  Various  small  points  liave  to 
he  attended  to  in  order  to  obtain  toxin  of  raaxinmm  toxicity. 
The  use  of  meat  Home  days  old  has  been  advocated,  or  of 
acid  beof-br<jth  in  uiiicli  Ij.  coll  has  been  giyjwn  for  twenty- 
four  hours,  in  order  to  get  rid  of  the  glucose.  L.  Martin 
makes  use  of  *  peptone'  prepared  by  the  auto-digestion  of 
a  pig's  stomach  with  dilute  hydroclibii'ic  acid.  P'ree  ai'cess 
of  oxygen  is  essential,  a  condition  which  may  be  obtained 
by  growing  in  Erlenmeyer  ilasks  in  a  comparatively  sluillow 
layer  of  broth.  The  cultures  are  then  filtered  thiough 
a  Berkefeld  or  Pasteur-Chamherland  filter  to  remove  the 
bacilli.  The  filtrate  is  germ-free  and  very  toxic,  and  a 
little  carbolir  acid  may  l)e  added  to  preserve  it.  In  New 
York  10  per  cent,  of  a  5  per  cent,  solution  of  carbolic  acid 
is  added  to  the  culture,  the  bacilli  are  allowed  to  de2M>sit 
bystaniling  for  forty-eight  hours,  and  the  culture  is  liltered 
through  paper ;  in  this  way  filtration  through  a  filter-candle 
is  dispensed  with.  Less  than  0"01  c.c.  of  the  toxin  should 
kill  a  250-gram  guinea-pig.  Selected  horses  which  have 
been  tested  with  mallein  and  tuberculin,  and  kept  under 
observation  for  some  time  to  see  that  they  are  cpiite  healthy, 
are  then  inoculate^l  with  this  filtrate,  commencing  with  a 
dose  of  0"fl-l  c.c,  or  20  c.c.  of  the  toxin  together  with 
10.000  units  of  antitoxin  may  be  given  for  the  first  three 


I 


ariR 


MANUAL  OF   nAfTEniOT<OOY 


i 


doHen.  Indiviilimlliorsea  vary  very  much  in  their  finacspti' 
hility  to  the  toxin,  so  that  care  has  to  he  exorcised  with  thn 
first  injections.  Tlie  injectinn^i  are  piven  BnhcutanGously 
o\^er  the  shoulder,  and  produce  a  local  swelling  and  some 
rise  of  iempeniture  an<l  general  diHtnrhance,  lasting  two  or 
three  days.  IMien  thiH  has  passed  away  the  uioeulation 
is  repeated,  a  larger  dose  heing  administered  provided  the 
reaction  due  to  the  former  one  was  not  too  utevere.  The 
treatment  is  continued  for  five  to  six  montlis,  the  dose  of 
toxin  ftdminiKiered  heing  gradually  increased  until  it  may 
attain  500  c.c.  or  more.  Cartwright*Wood  f(Muid  that  by 
gr^^^ving  virulent  diphtheria  hacilli  for  three  or  four  weeks 
in  ordinary  pepttme  hroth,  with  the  addition  of  10  or  20 
per  cent,  of  blood  serum  or  plaRnm,  Bubjecting  the  cnHure 
to  a  temperature  of  (JT*"  C.  for  an  hour  and  filtering  before 
injection,  much  larger  initial  doses  can  be  given  and  some 
degree  of  immunization  attained,  and  suhseqiiently  the 
ordinary  l>roth  cultureH  may  be  injected  in  large  doses. 
Individual  liorses  vary  much  in  tlieir  capacity  to  yield 
antitoxin  :  on  the  whole  those  that  are  moderately  Bensitive 
to  the  toxin  aeem  to  produce  most  antitoxin  ;  a  horse  to  be 
of  vi^lue  should,  after  three  monthH'  treatment,  yield  an 
antitoxic  serum  containing  not  less  than  SOO  units  per  c.c. 
The  required  potency  liavitig  been  attained,  as  shown  by 
the  testH  to  be  immediately  described,  the  liorse  is  bled 
with  aseptic  precautions,  the  blood  allowed  to  coagulate, 
the  serum  drawn  off  and  filled  into  sterile  bottles  each  con- 
taining a  dose  of  the  antitoxic  serum.  A  small  amount  of 
antiseptics  auch  as  tri-kreaol,  is  generally  added  as  a  pre- 
cautionary measure  to  prevent  the  multiplication  of  any 
stray  germs  that  may  have  gained  access  during  the  various 
manipulations. 

The  potency  of  diiditheria  antitoxin  is  now  described  in 
'  units  *  and  is  estimated  by  ascertaining  the  quantity  of 
antitoxin  i-equired  just  to  neutralize  a  certain  amount  of 
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a  standardized  toxin  when  injected  into  a  250-gram  guinea- 
pig.  Formerly,  by  Koux's  method,  the  miuiiual  fatal  dose 
of  the  toxin  was  first  ascertained,  and  the  number  of  grams 
of  guinea-pig  which  1  c.c.  of  antitcLviii  would  protect  against 
the  minimal  lethal  dose  found.  If  0*01  v..c.  of  antitoxin 
protects  a  ;iOO-gram  guinea-pig  against  the  minimal  lethal 
dose,  1  c.c.  would  protect  300x100^30,000  grams  of 
guinea-pig,  and  the  iuimiujizing  value  of  the  antitoxin 
would  be  described  as  30,000.  This  method  is  open  to  the 
fallacy  that  if  only  a  portion  of  the  lethal  dose  were 
neutralized,  the  gumea-pig  might  survive,  and  a  fictitious 
value  be  given  for  the  potency  of  the  antitoxin.  Behring 
later  adopted  ten  minimal  lethal  doses  as  the  test  dose  of 
toxin,  and  one-tentli  of  the  amount  of  antitoxin  which 
protected  a  guinea-pig  against  the  ten  minimal  lethal 
doses,  he  described  as  a  unit  {the  Behring  unit,  which 
therefore  =100  minimal  lethal  doses  of  toxinj,  from  which 
the  Ehrlich  unit,  now  univerBally  adopted,  was  derived, 
Ehrlich^  however,  found  that  in  diphtheria  toxin  there  are 
substances  other  than  toxin  whicii  combine  with  antitoxin, 
though  non-toxic  or  comparatively  bo,  and  that  these  sub- 
stances vary  in  amount  in  different  toxin  liroths  ;  variable 
results,  therefore,  may  be  obtained  by  the  simple  method 
of  testing.  These  substances,  having  an  aftinity  for  anti- 
toxin, are  termed  toxoids,  and  are  of  several  varieties,  viz. 
(1)  those  having  a  greater  affinity  for  antitoxin  tlian  toxin 
itself,  protoxtjida ;  (2)  those  having  the  same  aflfinity, 
syntoxoids  ;  and  (3)  those  having  a  less  athnity.  epitoxoiils.* 
Toxoids  are  probably  derivatives  of  toxui  ;  they  increase 
in  quantity  in  old  toxin  broth  which  has  been  kept,  and 
which  at  the  same  time  decreases  in  toxicity.     Ehrlich  also 


'  On  the  constitution  oi  diphtheria  toxin  Ac,  see  Ehrlich.  Die  Werth- 
bemc$sui\g  dcs  DiphtJurieJieiUeruins  (Abdruck,  Klin,  Jahrbuch,  vi.  1807), 
and  Be/a.  p.  151.  See  pp.  153-15n  for  other  views  on  the  oonslitulion  o( 
diphtheria  toxin. 
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diHtinguiBhes  certain  other  bodies,  loxones,  in  toxin  broth 
which  also  trombiue  with  antitoxui,  having  u  less  affinity 
for  it  than  toxin,  are  primary  secretory  products  of  the 
diphtheriii  bacilluH,  and,  while  not  letiuil,  induce  indura- 
lion,  necrosis  and  paralysis.  Ehrlich,  therefore,  devised  a 
method  of  Htandardization  which  eliminateh  irrcgularitiefi 
due  to  the  variable  proportiona  of  toxoids,  toxoneb,  and  toxin 
in  the  toxin  broth,  and  antitoxin  and  not  toxin  was  adopted 
as  the  standard,  because  of  its  better  keeping  quahtiea.  In 
order  to  standardiKe  an  antitoxin,  a  fairly  virulent  toxin 
brotli  is  first  prepared  and  its  minimal  lethal  dose  roughly 
ascertained  -i.e.  that  amount  which  is  just  sulhcient  to  kill 
a  250-graui  guinea-pig  on  the  fourth  or  iitth  day.  Then> 
a  solution  of  accuraleiy  atjindardized  antitoxin,  which  can 
be  obtained  from  the  Her  urns  priifung  Institut,  Frankfort- 
on-Maine,  is  prepared  containing  one  *  unit '  of  the  anti- 
toxin in  1  c.c,  and  the  toxin  is  standardized  with  this  by 
mixing  with  it  various  quantities  above  and  below  one 
hundred  muiiniul  lethal  dowes.  It  is  required  to  ascertain 
the  amount  of  the  toxin  broth  which,  when  mixed  with 
one  unit  of  antitoxin,  just  Buffices  to  kill  a  250-gram  guinea- 
pig  on  the  fourth  or  fifth  day  after  the  injection  of  the 
mixture;  this  amount  of  toxin  Ir  known  as  the  L+  dose. 
The  L+  dose  may  be  deliued  ae  that  amount  of  a  given 
diphtheria  toxin  which  is  not  completely  neutraliKed  by 
one  'unit'  of  standard  antitoxin  to  the  extent  that  exactly 
one  simple  lethal  dose  of  toxin  remains  imneutralized ;  it 
corresponds  usually  to  105 -120  minimal  lethal  doses.  For 
example,  suppose  0'003  c.c.  of  the  toshi  was  foiuid  to  bo 
the  minimal  fatal  dose,  witli  separate  '  units '  of  standard 
antitoxin,  0*2,  0'3,  0"4,  and  0*5  c.c.  respectively  of  the  toxin 
might  be  mixed,  and  each  mixture  injected  into  a  guinea- 
pig  ;  probably  the  guinea-pigs  receiving  the  *  unit '  of  anti- 
toxin ^/«s  0"2  and  0'3  c.c.  of  toxin  would  remain  alive,  while 
the  animal  receiving  the  0*4  c.c,  of  toxin  would  die  in  twenty- 
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four  to  forty-eight  hours.  The  death  in  the  last  case  is  too 
rapid,  more  than  a  simple  lethal  dose  has  remained  un- 
neutralized ;  and  therefore  the  L+  dose  of  toxin  lies  between 
0*3  and  0-4  c-c,  and  further  experiments  would  have  to  be 
ixjrfonued  with  amounts  of  toxin  between  Lhnse  limits  in 
order  to  ascertain  the  exact  dose.  Death  of  the  guinea- 
pig  on  the  fourth  or  fifth  day  has  been  cluwen  heeaURe  it 
has  been  found  that  if  the  dose  of  toxin  be  diminished  ever  so 
little  below  that  produi^ing  thin  rasult,  death  does  not  ensue 
under  nine  or  ten  days.  That  is  to  say,  an  acute  intoxica- 
tion is  fatal  at  the  latest  on  the  fourth  or  fifth  day,  a  fatal 
result  after  then  being  due  to  a  chronic  intoxication.  The 
amount  of  toxin  which  is  exactly  neutralized  by  one  '  unit ' 
of  the  standard  antitoxin  is  known  as  the  Lo  dose.  By 
exact  neutralization  is  meant  absence  of  any  reaction, 
general,  or  local  at  the  seat  of  inoculation,  in  the  inoculated 
guinea-pig.  If  toxin  broth  were  a  single  substance,  con- 
taining only  toxin,  then  L  +  — L©  =D,  the  simple  lethal  dose, 
would  be  equal  to  the  minimal  lethal  dose.  But  because 
toxoidH  and  toxoues,  substances  also  having  an  affinity  for 
antitoxin,  are  likewise  present,  D,  the  difference  between 
the  Lo  and  the  L+  doses,  is  usually  a  multiple  (8-12)  of 
the  minimal  lethal  doae. 

From  these  considerations  we  are  now  in  a  position  to 
define  the  unit  of  antitoxin :  a  *  unit '  is  that  amount  of 
antitoxin  which  would  neutralize  about  100  minimal  lethal 
doses  for  the  guinea-pig  of  diphtheria  toxin.  From  certain 
considerationn,  Elirlich  considers  that  the  unit  would  exactly 
neutralize  200  minimal  lethal  doses  of  a  theoretical  toxin, 
containing  only  loxui  and  neither  toxoid  nor  toxone,  but, 
inasmuch  as  such  a  toxin  is  unknown  practically,  the  unit 
corresiH)nda  usually  to  105-1*20  minimal  lethal  doses  of  a 
toxin  broth,  the  extremes  which  Ehrlich  has  found  being 
10  and  Vd^  lethal  doses.  Having  standardized  a  specimen 
of  toxin  by  means  of  standard  antitoxin,  this  standardized 
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toxin  IB  in  its  turn  used  to  standardize  the  antitoxic  serum 
which  has  boen  prepared  for  tlierapeutic  use.  T!ie  toxin 
is  preserved  by  the  addition  of  tohud*  and  is  kept  in  a 
cool  dark  place;  it  needs  to  be  re-stiindardized  ever}' few 
weciks. 

In  standardizing  antitoxin,  tbeL+  dose  of  the  standard- 
ized t(»xin  is  mixed  with  varyijiK  aniounls  of  the  untitosiiT, 
the  mixtures  are  injected  into  guinea-pign,  and  the  amount 
of  the  antitoxic  serum  which  neutralizes  the  L  »  dose  of 
toxin  is  thus  ascertained.  If,  for  example,  it  were  found 
that  0*05,  0*04,  and  0*03  c.c.  of  the  antitoxic  serum  neutra- 
lized the  L  4.  dose  of  toxin,  but  that  the  guinea-pig  receiving 
0'0'25  ex.  sutifero;!  from  some  local  necrosis,  wusted,  and 
died  in  a  few  days,  and  the  animal  receivin^^  0*02  c.c.  died 
in  two  or  three  days,  0'03  c.c.  of  this  antitoxin  would  be 
about  equivalent  to  one  unit  of  standard  antitoxin,  and  the 
antitoxic  serum  therefore  contains  33  units  jier  c.c.  For 
all  the  experiments  the  conditions  must  he  kept  as  constant 
as  possible,  guinea-pigs  weighing  250  grams  or  thereabouts 
employed,  and  to  eliminate  irregularities  a  number  of 
animals  must  be  used.  The  antitoxic  constituent  of  diph- 
theria antitoxin  ie  glohuHn  in  nature,  or  is  intimately  asso- 
ciated with  the  globulin  content  of  the  serum.  Thus 
Atkinson  found  that  if  the  serum  is  precipitated  by  satura- 
tion with  magnesium  sulphate,  the  whole  of  the  antitoxin 
is  carrietl  down  with  the  precipitate^  and  also  that  the 
globulin  content  of  the  blood  serum  of  untiloxin  horses  is 
increased.  His  roHalts  have  been  conlirmed  by  Le<ling- 
ham.' 

Tiiere  c;in  now  be  no  doubt  as  to  the  value  of  the  anti- 
toxin treatment  of  diplilheria.  Hince  the  introduction  of 
antitoxin  treatment,  wliich  was  commenced  about  the  middle 
of  1B9-1,  there  has  been  a  steady  declijie  in  the  case  mortality 
from  diphtheria,  especialiy  in  London,  where  jn'obably  the 

'  Jaum.  of  Hygietie,  vii..  1WI7,  p.  B6. 
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majority  of  the  cases  are  injected  with  antitoxin,  as  the 
following  table  showa : 


Period 

DtntU  nitc  per  llMAJ 

Cum  rmte  ptr  lOOU 

OftM  mortnlltj 

Uviag 

Uvinc 

percent. 

1891 

0-81 

1*6 

80-6 

isea 

0-44 

2-0 

20-8 

1893 

0-74 

a-3 

804 

1894 

i)(ii 

2-6 

29*3 

1805 

0-52 

2G 

22*8 

1890 

or>u 

31 

31-2 

1897 

0-50 

3*0 

17-7 

1898 

0-3H 

27 

15-4 

189y 

0  4H 

3] 

13*9 

IflOi) 

0-34 

2-7 

12-S 

1901 

0-29 

2'68 

IM 

19(Kf 

U-25 

_ 

11-0 

lOOB 

irU) 

— 

B'7 

1904 

0-LG 

— 

100 

1905 

^)■v^ 

— 

8-3 

1906 

0-15 

— 

8*8 

Not  less  than  2000  units  should  bo  injected  for  ii  dose, 
imJ  eiirly  Ireutnient  is  of  pamrnount  importance.  As  soon 
aa  there  Ih  u  reasonable  probability  that  the  case  is  one  of 
diphtheria  the  antitoxin  should  be  used,  and  treatment 
should  not  l>o  delayed  for  the  result  of  tlie  liacteriological 
examination.  The  statistics  show  that  in  cuseK  trcutt^tl  on 
the  first  day  of  the  disease,  the  case  mortality  is  nearly  nil, 
on  the  second  day  it  is  i^'A,  on  the  third  day  11'12,  on  the 
fourth  day  17'24,  per  cent. 

In  bad  cases,  and  in  those  coming  under  treatment  at 
a  bite  stage  of  the  disease,  the  dose  may  be  increased  to 
10,000,  20.000,  or  even  30,000  units  with  advantage,  and 
to  bring  the  patient  under  the  influence  of  the  antitoxin 
as  rapidly  as  possible  the  first  dose  may  be  administered 
intravenously.  The  dose  may  have  to  be  repeated  once  or 
twice  in  miid  case?i,  in  bad  cases  perhaps  every  six  or 
twelve  lumrs  until  several  doses  have  been  ^'iven,  the  i^uide 
being  the  general  condition  of  the  patient  and  the  rajndity 
of  the  separation  of  the  membrane. 
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In  addition  to  ftntitoxin,  the  recumbent  posture  and 
general  luid  local  treatment  should  he  pursued  as  usual. 

In  cases  of  mixed  infection,  where  the  diphtlieria  bacilli 
are  associated  with  streptococci  or  stapliylococei,  diphtheria 
antitoxin  may  prove  of  less  valae>  as  it  has  no  influence  on 
the  Htrept<jcocLdti  or  staphyhMJoccic  iiifeclion,  and  injeutionh 
of  anti-streptococcic  serum  may  be  given  in  addition. 

Diphtheritic;  paralyfiis  Kp.eniK  to  he  rather  iniirf^  frequent 
after  the  use  of  antitoxin  than  in  eases  n(tt  treated  with  it, 
prohahly  hcnuiHo  a  greater  number  of  cases  survive. 

Tiie  antitoxin  has  also  been  employed  as  a  prophybictic, 
in  schools  or  other  places  where  Busceptible  individuals 
are  congregated  together,  and  where  cases  of  diphtheria 
have  occurred,  with  excellent  results.  For  thiw  purpise  a 
dose  of  about  500  units  should  be  given.  The  immunity 
Bo  produced  does  not  last  for  more  than  about  a  fortnight. 

The  procedure  in  such  circumstances  should  consist 
of  a  bacteriological  examination  of  the  throats  of  all,  staff 
and  inmates,  in  the  institution,  isolation  of  those  in  whom 
the  B.  dipktkcriff  is  found,  and  the  injection  of  everyone 
with  a  prophylactic  dose,  repeated,  if  considered  desirable, 
a  fortnight  later' 

Some  clinicians  awwert  that  antitoxin  may  he  given  by 
the  mouth  or  the  rectum,  Hewlett  was  unable  to  detect 
any  almorption  of  tetanus  antitoxin  from  tlie  stomach  or 
rectum,  nor  Sternberg  of  diphtheria  antitoxin  from  the 
roctum,  of  rabbits. 

EBcherich  and  others  have  found  the  blood  after  an 
attack  of  diphtheria  to  bo  slightly  antiioxii*.  The  blood  of 
persons  never  known  to  have  suffered  froiu  diphtheria  is 
also  occiieionally  antitoxic,  in  explanation  of  which  it  may 
be  suggested  that  diphtheria  bacilli  may  have  been  present 
for  a  time  without  producing  diphtheria  and  have  led  to 
the  production  of  antitosin. 

'  On  tho  ptophyloctic  use  of  antitoxin  see  Morton,  JtanceU  1907,  ii.  p.  85. 
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Pseudo-Diphtheria  and  DrrHTHEHrA-LiKE  Bacilli. 

Diphtheria-like  bacilli  are  not  unc(jmmi>n  in  wounds 
and  in  pathological  exudates  iScc,  and  in  connexion  with 
tliphtlifiriii  an  important  queHtion  must  be  discuHHetl,  viz. 
the  occurrence  and  nature  of  the  so-called  pseudo-diphtheria 
bacilli.  Tho  term  was  originally  used  by  Loffler,  and  by 
the  rule  of  priority  should  be  reserved  for  the  organism 
described  by  him  under  thiH  name.  The  pHendo-diphtheria 
bacillus  of  all  authors  is  a  non-virulent  organism  occurrinf; 
in  the  throat  in  various  anginal  conditions,  scarlet  fever 
&c.,  and  occasionally  in  healthy  throats.  Park  and  Beebe 
met  with  it  in  twenty-seven  out  of  330  healthy  throats 
examined  by  them.  Roux  and  Yersin,  Abbott  and  Friinkel, 
describe  it  as  morphologically  resembling  the  Klebs-Loffler 
bacillus,  while  Loftier,  von  Hofmann,  Koplick^  Park  and 
Beebe,  Peters,  and  Hewlett  and  Miss  Knight,'  consider 
that  an  organism  dilTeriag  somewhat  from  the  Klebs-LofJler 
bacillus  should  alone  be  termed  the  pseudo-diphtheria 
bacillus;  to  avoid  confusion  it  is  beBt  to  designate  it  the 
Hofmann  bacillus. 

J^/or/i/KJ^of7//.— Typically  the  Hofmann  bacillus  is  a 
shortish  rod  tapering  towards  the  ends  which  are  rounded, 
the  average  length  bein^^  from  1*5  ^  to  "1  /i,  and  it  occurs 
in  pairs,  resembling  two  suppositories  placed  base  to  baser 
It  is  non-motile*  does  not  form  simres,  is  arranged  in  a 
parallel  grouping  like  the  Klehs-Loffler  bacillus  ^due  to  the 
same  mode  of  division),  and  involution  forms  are,  as  a  rule, 
not  met  with  (Plate  VII.,  a).  It  is  Gram-positive,  and  stains 
deeply  and  regularly  with  Li'iffler's  methylene  blue,  seg- 
mentation and  po!ur  tiUiining  usually  being  absent.  With 
Neisser'a  stain  no  inky  granules  are  perceptible,  as  is  the 
case  with  the  diphtheria  bacillus. 


Tran«.  Brit,  IruL  of  J'rev.  hffd,  i.,  1897. 
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Cultural  Reactions.'— Tha  Hofmann  tifidlluR  in  almost 
a  strict  aerobe ;  there  is  no  growth  anaerobically  in  hydro- 
gen. On  serum,  agar,  and  gelatin  it  formn  cream-coloured 
colonies  or  f^rowtbH,  barely  distinguiabable  from  the  Klebs- 
Loifler  baeillua.  On  ordinary  potato  it  hardly  grows  at  all, 
what  growth  there  is  being  quite  inviwiblo.  On  alkaline 
potato,'  however,  it  forms  distinct  cream-coloured  colonies, 
Wfiually  visible  by  the  second  day.  In  stab-culturea  in 
gelatin  and  glucose-agar  no  gas  is  formed,  and  the  growth  is 
confined  to  the  upper  part  of.  the  stab.  In  brotli  it  forms 
sometimea  a  granular  deposit,  sometimes  a  general  turbidity. 
On  neutral  litmus  glucose-agar  a  blue  colour  is  developed, 
indicating  the  production  of  alkalinity.  Cultivated  in 
peptone  water  an  indole-like  reaction  with  sulphuric  acid 
alone  can  be  obtained  after  a  variable  time,  throe  to  four 
weeks,  while  the  diphtheria  bacillus  gives  it  in  about  a 
week  ;  witli  a  nitrite  and  sulphuric  acid  the  indole-like  re- 
action can  be  obtained  with  both  the  pseudo-  and  diphtheria 
bacilli  in  alxmt  a  week.  The  substance  giving  this  indole- 
like  reaction  is  not  indole,  but  skatole-carboxylic  acid.*  A 
broth  culture  reduces  a  weak  solution  of  methylene  blue. 
The  bacillus  does  not  curdle  milk  or  liquefy  gelatin,  can  be 
cultivated  at  from  "2*1°  to  ST"*  C,  and  is  non-pathogenic  to 
guinea-pigs  in  doses  of  5  c.c.  or  more  of  a  forty-eight 
hours*  broth  culture.  Some  of  the  differences  between 
the  Hofmann  bacillus  and  the  Klebs-L(il!ler  bacillus  are 
shown  in  the  table  on  the  next  page.  In  addition,  the 
Hofmann  bacillus  does  not  ferment  any  sugar  &o.  (see 
Table,  p.  2fi8). 

The  histories  of  several  cases  investigated  by  Miss 
Knight  and  Hewlett  seemed  to  show  that  the  Hofmann 
bacillus  is  associated  with  mild  anginal  conditions,  which 


I 


'  Onliniiry  potato  renrlereci  alkaline  with   m   H>  per  cflnt.   Bolation   of 
sodium  carbonate  before  KterilizAtion. 
.«    '  Hewlett,  Trans.  Path,  Soo.  Lond.  li.,  1900.  p.  1S7 ;  lil.,  1901,  p.  110. 
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ire  free  from  complications,  end  in  recovery,  and  are  not 

followed  by  Requel?e.      In  many  of  the  cases  the  anginal 

condition  was  assuciattd  with  diatiiict  patches  of  tnembnine,              ^i 

and   in   two,   flymptome  were   present  suggGstive   of   the           ^H 

1             tuxtetnia  which  is  met  with  in  diphtheria.                                       ^^^^t 

In   a   ton*;   sericH    of    experiments    Hewlett  and  Miss      ^^^^| 

Knight  believed  that  some  evidence  was  obtained  of  the       ^^^| 

conversion  of  the  Hofmann  into  the  Klebs-LoSler  bacillus       ^^^^| 

and  vice  versa.     Moreover,  the  Hoimann  bacillus  seemed      ^^^H 
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in  many  inatancea  to  replace  the  Klebs-Loffler  bacillus  in 
the  throat  during  convalescence,  and  it  is  possible  in  a 
large  Heriea  of  cultures  to  obtain  connecting  links  between 
the  Klebft-LiiPfler  bacillus  on  the  one  hand,  and  the  Hofmann 
bacillus  on  the  other.  Cobbett,'  however,  suggests  that 
these  facts  are  capable  of  anotht^r  explanation,  viz.  that 
during  the  acute  atage,  dliilitheria  bacilli  being  readily 
found,  the  Ilofmann  bacillus  is  likely  to  be  overlooked, 
whereas  at  a  later  ntage  a  more  careful  search  may  bo 
necessary  to  detect  the  diphtheria  bacillus,  and  in  the 
course  of  that  Hoarch  the  Hofinann  bacillus  is  therefore 
more  frequently  found. 

MisH  Knight  and  Hewlett  came  to  the  conclusion  that 
in  florae  cases,  at  least,  the  Ilofmann  bacillus  is  a  modified 
Klebs-Lofller  bacilhis,  and  tho  viow  taken  of  its  relation  to 
the  Klebs-Lofller  bacillus  was,  that  it  is  a  very  attenuated 
KlebB-L(>iHer  bacillus,  i.e.  one  far  removed  from  virulence. 
It  would  therefore  seeni  wise  to  treat  anginal  eases  in  which 
the  pseudo-diphtheria  bacillus  is  found  as  poKsibly  infective, 
though  it  would  probably  be  inexpedient  to  admit  to  a 
general  diphtheria  ward  (unless  a  prophylactic  dose  of 
antitoxin  be  given),  nor  would  jintituxin  be  needed  in  the 
majority. 

Most  authorities  have  been  unable  to  convert  the  pseudo- 
bacillus  into  a  virulent  Klebs-Loffler  bacillus  or  vice  versa, 
and  many  are  of  opinion  that  it  has  probably  nothing  to 
do  with  diphtheria  (Park  and  Beebe,  Peters,  Waahbourn. 
Cobbett).  A  few  fatul  cases  have  been  recorded  (e.g.  by 
Btanley  Kent)  in  which  a  careful  search  has  failed  to  reveal 
any  but  Hofmann  bacilli.  Boycott  ^  found  that  the  seasonal 
prevalence  of  the  Klebs-Lfifiler  and  Ilofmann  l>acilii  does 
not  correspond,  the  former  prevailing  during  September, 
October,  and  November,  the  latter  is  more  frequent  from 
May  to  August. 

'  Joum,  of  Hygime,  i..  1901.         '  Jmim.  of  Hyg'uuic,  190-5.  v.  p.  223. 
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Salter '  in  a  critical  review  of  the  relationship  between 
the  Kleb6-Li>fller  and  the  Hofuiann  bacillus  found  that  the 
latter  was  virulent  to  many  emaU  birds  (goldfinch,  chaffinch, 
canary,  Ac),  and  that  hy  successive  jiasftaf^es  it  became 
converted  morjihologicallv  into  a  Kleha-Ltiltl^r  f*niu  with 
feeble  virulence  for  the  guinea-pig.  He  also  found  that  the 
filt*?red  hroUi  culture  of  tlu*  Hofniiinn  hncilluH,  thouf^h 
harmless  to  guiuea-pi^s,  waw  toxic  to  Hmall  birds,  and 
moreover  that  it  contuiiicd  a  non-toxic  substance  (toxoid) 
which  had  the  i>ower  of  comhining  with,  and  neutralizing, 
diiihtheria  antit<jxin.  Halter  concluded,  therefore,  that 
diphtheritic  organisms  are  to  be  met  with  of  every  grade  of 
virnlence,  the  weakest,  known  as  Hofmann's  or  the  pfleudo- 
diphtheria  hacillua,  repreHGiiting  the  nuwt  atlemiaUnd  form 
of  the  Klebs-Loiiler  bacillus.  The  writer,^  Cobbett,^  Petrie/ 
and  WilliamB'^  have,  however,  quite  failed  fco  confirm 
Salter's  results. 

To  sum  up :  the  KIobs-Liiffler-like  avirulent  bacilli  met 
with  in  the  throat,  the  pseudo-diiihtherla  bacilli  of  Roux 
iind  Versin,  are  probably  modified  and  avirulent  diphtheria 
bacilli.  As  regards  the  Hofraann  bacillus,  this  may  in 
reality  include  several  species,  of  wliich  one  may  he  a 
mi>dilied  KlebH-L()ll!er  bacillus,  the  others  having  no  re- 
lation with  this  organism.  On  this  view  the  Klebs-Lriffler- 
like  avirulent  bacilli  might  be  regarded  as  true  diphtheria 
bacilli  slightly  removed  from  virulence,  the  Hofmann 
bacillus,  if  derived  from  the  KlebK-LttHler,  as  a  diphtheria 
bacillus  far  removed  from  virulence. 

Priestley  records  an  outbreak  of  what  he  terniH  '  psi^udo- 
diphtheria/  in  which  the  Ilofmann  bacillus  seemed  to  be 
the  causative  organism,  and  expresses  the  opinion  that  this 
bacilluti  is  not  related  to  the  Klebs-Lofiler  bacillus.'' 

'  Trmts.  Jenner  Iiul,  I'rtv.  Med.  ii.  p.  113.     (Bibliog.) 

"  Brit.  Med.  Journ.,  Hup.  July  9.  1904. 

'  Jovm.  of  State  Med.  xi.  p.  609.  *  Journ,  of  Hygiene^  v.  p.  l.H-1. 

*  Journ.  Med.  ReaeareJt,  1902,  p.  B3.  '  Pnhlie  Health,  July  1003. 
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In  determining  the  fermenlatton  reactions  of  the  diph- 
theria-like Ijjicilli,  the  orgjvtiisnis  nhouhl  firHt  be  grown  in 
broth  until  Ihey  become  acolimatiaed  to  this  medium,  or 
ahould  be  grown  in  a  medium  which  suits  them,  e.g.  broth 
with  the  addition  of  Berum  or  of  ascitic  fluid.  Ilisa's 
serum-water  me<lium  is  Batisfactory — serum  1  part,  water 
3  parts,  with  1  i^er  cent,  of  the  carbtjhydrate  or  other  sub- 
stance, tinged  with  litmus  and  8terilized  in  the  steamer  on 
three  cniinecutive  days.  Graham-Smith  ^  gives  the  follow- 
ing table  of  fermentation  tests : 


Orgiuilini 

Hiii*« 

Mnllnm  (lOdkjn'snnrtti) 

C 
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C 
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C 
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i 
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Diphtheria-like  bucilii  : 
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coAgvUtlou  :  -  =  no  ctM^nlftUoii ;  A  =  tcltl ;  0  =  no  reaction.  Ellfflit  vuiMtlotw 
.onully  tiolerl  :  for  uxaiuple,  ri>iir  <iut  of  twenty  illphtheriA  bsuflil  paw  do  aclil  wtlh 
and  Ml**  uiumitil  of  imIiI  proiliii-tioti  BUiI  ut  i!)Hij;ul»tioD  wus  ei^mewbat  vnrUble. 


Glinioaii  Diaomosis. 

(A)  In  Man  aud  Animuh : — I.  In  a  minority  of  cases   the 
dipJithoria  bacillus   can    be   idontititMl    in  tbe  mombrane  or  dia- 
charge,  and  the  diagnuuia  osLablishcd  thijreby. 
>  Joum.  of  Eygietie,  vi.  1006,  p.  386. 
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A  fTagment  of  the  inoinbrano  is  teaHed  up  as  finely  as  pos- 
sible on  a  slide,  a  droplet  of  water  being  addwl  if  necessary, 
and  a  cotipte  nf  smeiir  specimeriH  are  prepared.  One  of  these 
should  be  stained  with  LofHcr'a  methylene  blue,  the  other  by 
Gram's  method.  The  bacilli  will  be  found  lying  parallel  to  one 
another  in  larger  or  smaller  j^roups,  to^ijether  with  involution  forms. 
Neisser's  stain  (see  below)  may  also  be  of  assistance.  Higley  of 
New  York  recommends  staining  the  smears  for  five  seconds  in 
dilate  carl»ol- methylene  blue  (7  drops  to  10  c.c.  water),  rinsing 
and  drying,  and  counter-staJning  in  dilute  carbol-f  uchsin  (10  drops 
to  10  c.c.  water)  for  one  minute,  rinsing  and  drying. 

II.  Prc<iuently  the  membrane  is  so  crowded  with  different 
forms  of  organisms  that  it  is  extremely  difficult  to  recognize  the 
diphtboria  baGJlli  with  any  degree  of  certainty.  Recourse  must 
then  bo  had  to  cultivation. 

For  this  purpose  sloping  blood-serum  tubes,  or  tubes  of  senim- 
agar,  must  Ihj  employed  ;  Biraple  agar  is  unauitable. 

A  piece  of  membrane  or  a  swabbing  from  the  throat  is  rubbed 
over  the  aiirfjice  of  one  or  two  serum  tubes,  care  being  taken  not 
to  break  up  the  medium.  The  tubes  are  then  incubated  at  87°  C. 
for  eighteen  to  twenty  hours,  and  are  then  examined  microscopi- 
cally whether  there  is  any  visible  growth  or  not.  If  there  is  no 
visible  growth  a  scraping  is  ttiken  by  means  of  a  sterilized  plati- 
num needle  from  the  whole  surface,  and  a  cover-glass  specimen 
prepared  with  a  droplet  of  water.  If  there  is  a  visible  growth, 
the  cover-glass  specimen  shouM  Ikj  prepared  from  the  most  likely 
colonies,  or,  if  the  growth  be  confluent,  from  the  upper  half-inch 
or  80.  A  microfico[)ical  examination  must  always  V»e  made,  for 
some  colonies — certain  staphylococci  and  torulu^  for  example — 
simulate  those  of  the  diphtheria  bacillus  very  closely.  The  cover- 
glass  specinienfl  should  bo  stiiiiiud  with  Lofiler's  methylene  blue 
for  &Y0  to  ten  minutes,  washed,  dried,  and  mounted  in  Canada 
bolsam  or  cetlar  oil.  If  there  is  sufficif^nt  growth  on  the  tubes, 
the  prepjirationi^  may  be  ma<le  on  a  slide,  and  after  staining, 
•washing,  and  drying,  a  drop  of  cedar  oil  may  be  put  on  the 
stained  patch,  which  is  then  examined  directly  without  a  cover- 
glass.  If,  however,  there  is  very  little  growth,  it  is  better  to 
make  a  cover-glass  specimen,  as  the  position  of  the  material  is  so 
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much  more  easily  lociitod.  The  preparations  are  examined  with 
ji  i*j-incb  oil  immersion  miiguifying  not  less  than  HOO-IOOO 
diameters,  and  the  KlebB-Loffler  bncillus  identified  from  the 
description  given  ftl>ove, 

Pmusnit?.  considers  that  if  negative  results  are  obtained  with 
eighteen  to  twenty-four  hours'  incubation,  the  tubes  should  \i& 
inoubated  for  a  further  twenty  to  twenty-fnur  hours  and  re- 
examined. 

Liiffler's  methylene  blue  gives  much  more  characteristic  pre- 
parations than  (iram's  method. 

Although  eighteen  to  twenty  hours  is  recommended  for  incu- 
bating the  cultures,  a  microscopical  examination  will  sometimes 
reveal  the  bacilli  at  a  much  earlier  period-  The  writer  has  found 
them  in  as  short  a  time  as  six  hours,  but  if  bacilli  are  then  not 
found,  the  tubes  must  be  incubated  for  the  longer  period. 

Neisser  '  has  recommended  the  following  method  of  staining  : 

(a)  One  gram  of  methylene  blue  ((inibler'n)  is  dissolved  in 
20  c.c.  of  90  per  cont.  alcohol,  which  is  then  mixed  with  950  c.c. 
of  distille<l  water,  and  00  c.c.  of  glacial  acetic  acid. 

(6)  Two  grama  of  Bismarck  brown  are  dissolved  in  one  litre  of 
boiling  distilled  water  and  the  solution  is  iiltered. 

The  preparations  are  stained  in  (a)  for  one  to  three  seconds, 
rinsed  in  water,  and  stained  in  (h)  tor  Ihroo  lo  live  sfconds,  washed 
in  water,  dried,  and  mounted.  The  bacilli  are  stained  brown,  and 
contain  two,  or  rarely  three,  inky-blue  dots.  This  is  a  valuable 
confirmatory  atajn  for  the  diphtheria  bacillus,  but  staining  for  a 
longer  time  than  that  recommended  by  Neisser  is  advisable,  viz. 
half  a  minute  in  the  blue  and  one  minute  in  the  brown. ^  Tanner 
treats  with  Gram's  iodine  solution  for  half  a  minute  after  the  blue. 
The  staining  solutions  seem  to  keep  well  but  occasionally  fail  to 
act,  ao  should  be  controlled  on  an  undoubted  diphtheria  culture. 

In  the  majority  of  cases,  after  a  little  experience,  the  Klebs- 
L(>fHer  bacillus  will  be  readily  recognized  if  present.  Occasionally, 
however,  bacilli  may  be  present  which  resemble  the  Klebs-LotHer 
very  closely,  and  of  which  it  is  difficult  to  be  certain.     In  such 


'  Zeitschr./,  Hyg,  xxit..  18i>7.  No.  3,  p.  443. 
*  Ucwlelt,  Tra}ia.  Jenner  Inst.  Prev.  Med.  ii.  p.  201. 
Joum.,  lUUl,  ii.  pp.  758  and  1016. 
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a  case  the  following  points  should  be  noted  id  attempticg  to  come 
to  a  decision  : 

1,  The  character  of  the  growth  on  Lbe  medium. 

2.  The  depth  of  utaiaiiig  with  Loftlur'a  bluu,  and  the  presence 
or  ubsence  of  segmentation  or  polar  staining.  The  Klebs-Loftler 
bauUius  usually  ataina  somewhat  deeply,  while  the  haciili  re- 
Hcmbliug  it  stain  but  feebly. 

S.  The  presence  or  absence  of  involution  forms,  clubhiug,  itc. 
■1.  The  presence  or  absence  of  thread  forms.   The  Kleba-Lotiior 
bacillus  does  not  form  threads.' 

5.  The  presence  or  absence  of  spores.  The  Kleba-L<ifller 
bacillus  does  not  form  spores. 

6.  Motility  in  a  hanging  drop.  The  Kleba-Lofiler  baciUua  is 
non-motile. 

7.  Gram's  method  of  staining.  The  Kleba-Lnfflar  bacillus 
stainij  well. 

8.  The  grouping  of  the  organism.  The  parallel  grouping  of  the 
Klebs-Lottier  bacillus  is  somewhat  characteristic.  The  Ijacilli 
when  lying  side  by  side  do  not  seem  to  <]uite  touch,  while  the 
bacilli  which  resemble  the  Klebs-Li*ffler  and  show  a  parallel 
grouping  frequently  lie  much  closer  together  than  the  Klebs- 
L[>Mer  bacillus  ever  does. 

9.  The  reaction  with  Neisser's  stain  {th4  culture  must  be  a 
youmj  scrum  one).  The  pseudo-bacillus  and  other  bacilli  do  not 
give  the  diphtheritic  reaction  (polar  staining). 

10.  Tho  final  tost  of  virulence  may  bo  appliL^d.  For  this 
purpose  the  organism  must  be  isolated  iu  pm-e  culture  by  plate 
cultivations.  Two  guinea-pigs,  of  250-300  grams  weight,  are  each 
inoculated  with  2  c.c.  of  a  forty-eight  hours*  broth  culture,  one 
receiving  at  the  same  time  1  c.c.  of  diphthoritt  autito.xju.  If  the 
guinea-pig  inoculated  with  culture  only  dies,  while  the  one 
receiving  culture  and  antitoxin  lives,  this  is  complete  proof  that 
the  organism  is  the  diphtheria  bacillus  ;  if  both  live  no  inference 
can  be  made  except  that  tho  organism  is  non-virulent ;  if  both 
die,  it  shows  that  the  organism  is  virulent,  bub  ihat  it  is  not 


I 


*  Klein  and  others  have  described  thread  tind  branched  fomiK  in  cultures 
of  thu  Klebii.LofUer  bucillua  in  certain  circuinstauces,  but  these  are  not 
Hkely  to  be  observed  under  the  conditioua  mentioned. 
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nentrali/.ed  by  antitoxin,  and  therefore  is  not  the  diphtheria 
bacillus. 

11.  Agglutination  tests  are  unsatisiactory  and  not  of  service. 

It  occftsiuiially,  though  very  nirely,  happens  that  a  conclusion 
t'annot  be  arrived  at  without  an  extended  investigation. 

If  beruin  tubes  are  not  available  an  egg  may  be  used.  It  is 
boiled  liard,  the  shell  chipped  away  from  one  end  ^vith  a  knife 
ateriUzed  by  heating,  and  the  inrculafcion  made  on  the  exposed 
white;  the  cg^  ia  then  placod,  inoculated  end  down,  in  a  wine- 
glass of  such  a  size  that  it  rests  on  thft  rim  and  docs  not  touch 
the  bottom.  A  few  drops  of  water  may  with  advantage  be  put 
at  the  bottom  of  the  glass  to  keep  the  egg-white  moist.  The 
preparation  is  kept  in  a  warm  place  for  twenty-four  to  forty- 
eight  hours  and  then  examined.  Antitoxin  itself  may  be  used  as 
a  culture  medium.  A  test-tube  is  sterilized  by  heating,  or  with 
boiling  water  or  steam  from  a  kettle,  antitoxin  to  the  depth  of 
about  an  inch  is  poured  in,  and  is  coagulated  by  holding  the 
tube  very  obliquely  in  boiling  water  or  steam.  After  coagulation 
and  cooling  the  medium  is  inoculated.  (N.J5.— An  antiseptic  is 
freijuently  present  in  antitoxin.)  If  no  incubator  is  available, 
the  culture  may  be  kept  in  a  warm  place,  or  in  an  inside  pocket. 

Many  laboratories  will  now  undertake  the  examination  of 
material.  Culture  outfits  are  supplied  by  some,  consisting  of  a 
stcrili/.cd  tube  containing  a  sterilized  swab.  Failing  this,  a  piece 
of  mombrano  ma^v  be  forwarded  in  a  tube  or  bottle  which  has  been 
stcrilii'.od  by  heiitiug,  or  with  boiling  water  or  steam.  If  there  be 
no  lanmhninc,  a  swab  wm  bo  readily  oxtomporixed  by  wrapping  a 
little  wool  round  the  end  of  a  piece  of  wire,  knitting-needle,  hair- 
pin, penholder,  or  splinter  of  wood.  The  wool  may  be  sterilized 
by  moistening  with  water  and  tliLin  holding  in  a  tiame.  Mem- 
brane or  sccretiun  may  also  bo  forwarded  on  pledgets  of  wool, 
pieces  of  lint  or  calico,  and  even  on  paper,  but  these  are  cot  so 
suitable. 

(I^)  In  Af/Z/u— See  section  on  Milk. 

Vincent's  Angina. 

An  infective  malady  characterized  by  sore-throat,  fetor 
dysphagia,  and  ulceration  and  membrane  simulating  diphtheria. 
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The  diphtheria  bacillus,  however,  ia  not  present,  and  according  to 
Vincent '  the  afft^ction  is  caused  by  a  symbiotic  assuciatiou  of  a 
bacillus  and  a  spirillum.  The  bacillus  {B.  fusiformis)  measures 
6-8  fj.  to  10-12  /A  iu  length,  has  poinUd  ends,  is  often  motile,  and 
does  not  stain  by  Gram.  lb  can  be  cultivated  on  the  ordinary 
media  to  which  human  blood  serum,  ascitic  or  hydrocele  fluid 
has  been  added.  The  spirillum  is  long  and  sinuous  and  very 
motile,  but  cannot  be  cultivated.  The  two  organisms  will  be 
found  on  microscopical  examination  of  stained  smears  of  the 
secretion  from  the  throat  (Plate  VII,,  6). 


Tbb  Xbuosib  Bacillus. 


The  xerosis  bacillus  was  isolated  by  Neisser  from  cases  of 
xerosis  conjunctivie,  and  is  met  with  in  follicular  conjunctivitis. 
LawBOU  isolated  it  on  many  occasions  from  the  normal  con- 
junctival secretion.  In  morphology  and  staining  reactions  it 
resembles  the  Kleba-LdlUer  bacillus  very  closely.  It  dillera  from 
the  Klebs-Lttfllur  bacillus  in  the  following  particulars  ;  (1)  uaually, 
but  not  always,  in  the  prwu^iry  cultivations  from  the  eye  on  blood 
serum^  colonies  do  not  appear  under  ab  uit  thirty  hours^  while 
those  of  the  Klebs-LJittter  bacillus  are  visible  in  sixteen  to  twenty 
houra.  This  does  not  apply  to  the  secoiidarfj  cultivations,  in 
which  the  colonies  appear  as  soon  as  those  of  the  Klobs-Luflier 
bacillus.  (2)  Upon  agar  it  will  sehlom  or  never  grow  iu  primary 
culture,  and  in  secondary  cultures  it  forms  only  a  thin  translu- 
cent dry  film,  (it)  Upon  gelatin  it  will  never  grow  in  primary 
culture  and  seldom  iu  Hoc-judtiry  culture.  (-4)  It  doea  not  give 
rise  to  acid  production  iu  milk  or  glucose  broth,  (o)  It  is  non- 
pathogenic to  guinea-pigs.  (0)  The  Neinser  stain  is  negative. 
The  fermentation  reactions  will  be  found  iu  the  table  on  p.  269. 

Iu  all  probability  the  organism  i^  not  cEiusative  of  xerosis 
coujunctiviu. 

GriHilh  ''  found  the  xerosis  bacillus  in  120  out  of  210  normal 
conjunctival  sacs. 


*  See  Lancet,  1U05. 1.  p.  1260.    (Bibliog.) 

'  Thmnpson  Yaiea  tab.  R*p.  iv.  Pt.  i.  UiOl,  p.  99. 
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To  isolate  the  organism  blood-seram  tubes  are  inoculated 
with  a  looped  platinum  needle  from  cases  of  follicular  conjuncti- 
vitis or  xerosis,  and  incubated  at  37°  C.  for  forty  to  forty-eight 
hours.  Half  the  tubes  will  usually  show  a  growth.  Preparations 
may  be  stained  with  Loffler's  blue  and  by  Gram's  method. 

Bacillus  cobyz^  (sEaMENTosus). 
An  organism  first  described  by  Gautley,  of  frequent  occurrence 
in  the  nasal  secretion  in  cases  of  '  influenza '  cold.  It  bears  a 
striking  resemblance  morphologically  to  the  j5.  diphtheria  when 
stained  with  methylene  blue,  and  is  Gram-positive,  but  does  not 
show  granules  either  with  Loffler  blue  or  with  Neisser's  stain. 
On  agar  it  grows  more  slowly  Mian  B.  diphthericR^  and  in  glucose 
broth  and  litmus  milk  acid  production  is  slow  and  feeble.  It  is 
non-pathogenic  to  guinea-pigs.  The  fermentation  reactions  will 
be  found  in  the  table  on  p.  268. 

Other  Diphtheria-like  Bacilli. 

As  already  mentioned,  diphtheria-like  bacilli  are  not  infrequent 
in  wounds,  pathological  discharges  and  secretions.  Some  of 
them  may  be  positive  with  Neisser's  stain.  They  are  always 
non-virulent.  The  fermentation  reactions  of  some  of  these 
organisms  will  be  found  in  the  table  on  p.  268. 

Bacillus  Diphtheria  Columbarum. 

Pigeon  diphtheria,  an  infectious  disease  of  pigeons,  character- 
ized by  the  formation  of  diphtheritic-like  membranes  on  the 
tongue,  fauces,  and  corners  of  the  mouth,  was  described  by  Loffler, 
who  isolated  a  bacillus  to  which  he  gave  this  name.  It  is  short 
with  rounded  ends,  non-motile,  does  not  form  spores,  and  does  not 
stain  by  Gram's  method.  On  gelatin  it  forms  a  whitish  growth 
without  liquefaction,  on  agar  a  creamy  growth,  and  on  potato  a 
thin  grey  film.  Milk  is  not  curdled  and  is  unchanged  in  reaction. 
It  is  pathogenic  for  the  mouse  and  pigeon,  but  only  slightly  so 
for  the  fowl  and  guinea-pig.  It  is  possible  to  prepare  a  vaccine, 
and  an  anti-serum  for  the  disease.' 

-    '  See  Ann.  de  VInst.  Pasteur,  xv.,  liJOl,  p.  952. 
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!  Diphtheritic  roup  of  p<jultryi3  acHfferentdiseRse,  iitid  fa  stated 

!  to  be  due  to  a  protozoan  parasiteJ     Macfadyen  and  the  writer  ^ 

i  have  fouDd  Klebs-Lutilcr-tike  ort^'auisms   to  be   present  in  the 

mouths   and   thnmt«    of    healthy   pigyoiis    and    fowls.      These 

orgauLtima    resembled    the    true    Ivicb^-Lot^kr   bacillus   in    their 

cultural  reju-'tiims,  but  were  quite  non-virulent  to  guinuapigs. 

The  so-called  diphtheria  of  calves  is  produced  by  an  anaerobic 

l^  atroptothrix. 

'  See  also  Gordon  Sharp,  Lartcef,  I'JOO,  ii.  p.  18. 

'  Tranf.  I'ath.  Six.  Lond.  \i..  1900,  p.  13,  and  Brit.  Mai.  JouTti.  lilOO, 
J.  p.  I»U4. 

; 

I 

I 
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CHAPTER   IX. 

I'lD-FABT  '   BAOILLI  — TUBBBCULOaifl—  LEPE09Y  — 
TUE   SMEGMA    BACII^I*Ua — GLANDEOS. 

'  AoiD-PAST '  Bacilli^ 

iiportant  characteristic  of  the  tubercle,  leprosy,  and 
hacilli  is  the  property  they  poasesa  wheu  stained 
lisin  of  retaining  the  red  colour  after  treatment 
rong  mineral  acid  (*25  por  cent.  Bulphuric  or 
mi,  nitric).  They  are  therefore  termed  '  acid-fast/ 
ler  orgiimnmH  are  vapidly  deuolorized  even  by 
r  cent,  sulphuric  acid^  bat  it  must  be  recognized 

bacilli  ure  abo  '  acid- 


PLATE  Vlil. 
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a.  Tdk  Tt'HEUc'LE  Bacillus. 
C0TEB-OLAB8  PitfipAJUTioN  oy  A  Turk  OuLTUits.     x  1000. 


h.  TcBUiCLE  Bacilli  rx  Sporrv.      x  ISOO. 
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'Mist  bacillus').  It  haH  been  Buggested  that  these  sapro- 
phytic acid-fast  bacilli  may  be  derived  from  the  tubercle 
bftcilhis,  but  Panisset's  work  gives  no  confirmiUion  of  this. 
The  StreptotricheaD  occasionally  exhibit  '  acid-fast ' 
properties.  Dean  has  found  acid-fast  leprosy  like  bacilli 
in  rats  (see  p.  313),  All  the  acid-fast  bacilli  seem  to  be 
Gram-positive. 

On  'iwid-fftsl  bacilli'  see  Le  I'rogris  Medical,  1900,  Dec.  1,  p.  420 
(BiblioK.) ;  Trans,  Congrrss  on  Tiiberctilosvn,  I^ifui^m  IROl  ;  J'ninx.  Kxp. 
iif«i.  V.  No.  2,  ll»00;  Coles.  Joum.  State  Med,  xii.,  lUOi;  Ptinisiiet,  Rev, 
Qin.  de  Med.  VM,,  1907.  p.  ^33. 

Tt:nEncri^oai9. 

Tuberuulosis  is,  unfortiiniitely,  only  too  etjininou  in  the 
hnmait  subject,  and  most  of  the  domestic  anitnals  and  wild 
animals  in  a  state  of  captivity  suffer  more  or  less  from  it. 

Tho  conception  of  tuberculusiti  was  originally  a  purely 
anatomical  one,  the  name  being  given  to  a  condition  in 
which  tho  nrf^ans  were  studded  with  little  yellowish  ix>inls 
or  nodules,  which  were  termed  tubercles.  Laennec  was  the 
first  to  point  out  the  characters  of  these  nodules  or  tubercles, 
and  traced  with  considerable  accuracy  their  development 
from  beginnings  of  the  size  of  hemp  seed,  the  miliary 
tulierclcH,  up  in  tho  large  cheesy  masses  which  may  be  met 
with  in  the  glands  and  lungs. 

Microscopically,  the  structure  of  a  young  and  typical 
tulrercle  is  characteristic.  At  the  centre  one  or  more 
large  nucbi^ateil  protoplasmic  masses  are  found,  which  on 
account  of  their  size  are  termed  giant  cells,  each  containing 
ten  or  twenty  nuclei  situatf3d  at  the  periphery.  These  seem 
to  be  of  tho  nature  of  plasmodia,  similar  to  the  masses  of 
fused  cells  which  surround  a  foreign  body  in  the  lower 
animals  (Adami).  Encircling  these  is  a  zone  of  cells 
possessing  large  and  distinct  nuclei,  surrounded  by  a 
considerable  mass  of  protoplasm  and  staining  clearly,  which, 
from  their  resemblance   to   epithelial  cells,  are  known  as 
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epithelioid,  or  more  properly  endothelioid,  cells.  Outside 
this  ftfjiiin  is  amither  zone  of  Kuialler  cells  with  scauty 
protoplasm  and  small  nuclei,  linown  aa  lymphoid  cgIIh  from 
their  likeness  to  the  cells  of  lymphoid  tissue.  This  is  the 
structure  of  a  typical  tuhercle,  hut  one  or  other  of  the 
components  may  l)e  wanting,  and  none  can  he  said  to  be 
absolutely  characteristic  of  the  tubercle.  The  nodule 
possesses  no  hlood-^'essels,  and  as  its  size  increases  by  j^rowfch 
at  the  periphery  tlie  contral  parts  undergo  degenerative 
changes,  and  may  become  either  structurelesB  or  hyaline, 
or  he  converted  into  a  soft  yellowiwh  matt^rial  somewhat  h'ke 
cheese  and  termed  caseous.  Inliumraatory  reaction  more 
or  less  extensive  ensues  in  the  tissues  surroundinR  the 
tuliercle,  and  the  cellular  elemetxls  ho  pmtliu'ed  often  he- 
come  spindle  shaped  and  ultimately  fibrous,  ho  that 
the  tubercuh)UB  nodulu  becomes  enclosed  by  a  capsule  of 
librous  tissue  which  may  contract  and  convert  it  into  a 
librouH  noduki.  Aflnr  caseation  has  occurred  calcification 
may  ensue — that  is,  lime  salts  are  deposited  and  the  nodule 
is  converted  into  a  calc^ireous  mass. 

As  far  ]>ack  as  lH(i5  Villemin  showed  that  inoculation 
of  rabbits  with  human  caseous  material  was  followed  by 
a  development  of  nodules  similar  in  all  respects  to  the 
miliary  tubercles  in  man.  Cohnheim,  Ihirdon  Sanderson, 
and  Wilson  Fijx  coniirmed  this  obHervalion,  but  they  also 
showed  that  the  deveb>pment  of  tubercles  apimrently  fol- 
lowed not  only  tho  introduction  of  tuberculous  material,  but 
also  that  of  selouK,  pieces  of  putrid  muscle,  and  gutta- 
percha. It  was  pointed  out,  however,  that  in  all  probability 
these  results  wore  due  to  accidenial  contamination  or  in- 
oculation with  tuberculous  matter,  and,  by  adopting  auitable 
precautions  in  order  to  prevent  such  sources  of  error,  it 
has  been  conclusively  shown  that  non-tuberculous  matter 
is  unable  to  set  up  tuberculosis.  Tuberculosis  is  therefore 
inoculable,  and  is  an  infective  disease,  and  as  such  must 
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be  due  toaspecilic  infective  ugeat,  to  tlie  diacovery  of  which 
ohserverH  then  turned  their  attention,  [n  1882  Koch 
announced  that  he  hud  dlHuovered  li  Hpeciul  hiicilluH,  tlie 
tubercle  Livcillus,  in  tuberculous  tissues,  which  could  be 
isolated  iind  cultivated,  and  which  reproduced  the  disease 
CD  inoculation. 

Thk  Tubercle  Bacillus. 

Morphology. — The  tubercle  bacillus  {B.  tuherculosis)  is 
a  slender  rod  with  rounded  ends,  often  filightly  curved,  and 
measurinff  3-5 /i  in  length.  In  stained  preparations  one 
or  more  unstained  intervals  are  often  seen  in  the  rods 
(Plate  VIIL,  a);  these  have  been  considered  by  some 
observers  to  be  spores,  but  there  are  many  objections  to  this 
view.  Spores  are  unually  sitigle  and  not  multiple,  and  are 
regular  spherical  or  ovoid  bodies,  whereas  the  unst-ained 
spaces  in  the  tubercle  rodw  are  irre^uLir.  MartMiver,  in  the 
same  specimen  of  sputum  a  varying  amount  of  '  beading/ 
as  it  is  termed,  may  l»e  brought  out  by  different  staining 
methods  (Plate  VIII.,  h),  in  a  preparation  stained  by 
Gram's  method  it  is  usually  more  pronounctuJ  than  in  one 
stained  with  carbol-fuchsin.  In  class  work  also  it  will  be 
found  that  one  student's  specimen  will  show  beading  much 
more  markedly  than  another's.  These  considerations  render 
it  probable  that  the  beading  is  partly  due  to  segmentation  of 
the  protoplasm,  and  partly  perhaps  is  an  artifact  due  to 
the  staining  process,  and  is  not  a  spore  formation.  The 
tubercle  bacillus,  bowever,  ju'obably  does  form  spores, 
though  this  is  a  debated  point.  Some  observers  have 
described  clear,  regular^  unstained  spaces  in  bacilli  from 
old  cultivations,  and  consider  these  to  be  true  spores. 

The  tubercle  bacillus  is  a  non-motile,  strictly  parasitic 
organism  (it  has  been  described  as  being  l>oth  motile  and 
flagellated).  It  usually  occurs  singly,  occasionally  linked 
in  twos  or  threes  so  as  to  form  short  chains,  and  under 
certain  conditions,   especially  in  old  cultures,  filamentous 
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forms  develop.  The  bacillus  is  agglutinated  by  the  blood 
Heruia  of  a  luhDrculuus  unimal  (soti  below,  p.  805). 

Staining  Reactions. — The  tubercle  bacillus  stains  in- 
differently with  the  ordinary  watery  sohitiona  of  dyes, 
proloiTged  treatment  with»  or  warming,  the  solution  being 
required.  It  stains  well  by  Gram's  method.  It  also 
stains  well  and  deeply  with  carbol-fuchsin,  particularly  on 
■warming,  and  when  so  stained  is  markedly  resistant  to 
the  decolorizing  action  of  25-30  per  cent,  mineral  acid  — 
that  is  to  say,  it  is  strongly  'acid-fast,'  and  this  property 
is  made  use  of  for  demonstrutiug  its  presence  in  tissues  &c., 
and  for  diagnostic  purposes. 

Koch  Htiitofl  that  the  peculiar  Kiaininfr  reaction  of  tlie 
tubBi'i'le  bacillus  is  due  to  a  coating  of  two  fatty  acids, 
whirh  take  up  the  stain  and  are  not  decolorized  by  the 
niiTieral  acid.  I>e  Sebweinitz  and  Dorset  {hr.  vit.  p.  2H6) 
have  found  the  fatty  substances  to  be  principally  a  glyceride 
of  palmitic  acid,  together  with  small  amounts  of  lauric  acid 
and  of  two  other  undoternuned  acids.  Bulloch  and 
Macleod  [loc.  cit,  p.  276)  found  that  the  fat  is  not  acid- 
fast,  and  by  saponification  yields  oleic,  isocetinic,  and 
myriatinio  acids.  The  acid-fast  substance,  according  to 
these  observers,  is  an  alcohol. 

Cultural  Characters. — The  tubercle  hacilluH  is  airohic 
and  facultatively  anai-robic,  and  thrives  beat  at  a  tempera- 
ture of  87  C.  or  thereabouts,  and  development  even  then  is 
alow,  six  weeks  at  least  being  required  for  an  appreciable 
growth.  KoL'h  was  unable  to  cullivato  it  except  on  blood 
serum,  but  lloux  and  Not-ard  afterwards  found  that  it  grows 
well  on  nutrient  agar  or  veal  broth  to  which  5  or  6  per  cent. 
of  glycerin  have  been  added.  The  best  method  of  isolating 
the  bacillus  from  the  tissues  is  to  make  use  of  Roux's  potato 
tube  (fig.  8),  the  bulb  being  fillFsd  with  5  per  cent,  glycerin. 
The  potato  is  inoculated  with  an  emulsion  of  the  tuberculous 
organs  and   incul)aied  at  37^  C.     In    six   or  eight  weeks 
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cultures  will  be  ohtttinetl  in  half  the  tul)eH,  whereas  if  serum 
or  glycerin  agar  l»e  used  not  more  than  1  or  2  per  cent,  of 
the  tul)es  will  show  a  growth.  The  hacillus  will  also  grow, 
though  very  slowly,  on  ^ijlyt'erin  gelatin  at  22'  C.  and  on 
potato.  The  gelatin  and  Llood  Beruin  are  not  liqnefied. 
On  glycerin  agar  the  gniwth  ih  characteristic  :  it  foruiH  a 
dry,  crinkled  and  wrinkled,  cream-coloured  or  brownisli- 
yellow  tihn,  whit-li  has  been  well 
described  as  reflemhling  the 
patches  of  lichen  met  with  on 
trees  (fig.  36).  Tlie  growth, 
however,  varies  considerably 
both  in  colour  and  in  tho  aiitoiint 
of  wruikling,  though  retaining 
more  or  less  the  characteristics 
just  mentioned.  In  broth  it 
fonuH  soft  cream-coloured,  floc- 
culenfc  masses,  which  increase 
slowly  both  in  size  and  number, 
the  broth  remaining  pnrfectly 
bright  and  clear.  Sometimes  a 
dry  crinkled  film  forms  on  tho 
surface  of  the  broLh,  and  may 
spread  all  over  it,  and  tends  to 
creep  up  the  sides  of  the  vessel. 
This  film  formation  seems  to  l>e 
essentia!  for  the  ]>reparaLion  of  a 

satisfactory  tuberculin,  l)ut  it  is  net'casary  in  order  to  start  it 
that  some  of  Iht^  iiioculaled  particles  bhould  (loal  and  form 
nuclei  from  which  the  rilm  spreads.  The  virulent  organism 
from  the  primary  cultivations  is  difficult  to  grow  on  any- 
thing but  glycerin  potato. 

Tuberculin. — Tuberculin  is  of  two  kinds,  the  old  and 
the  new;  they  are  quite  different  preparations  and  must 
be  distinguished  from  each  other. 


Ki.i.   311.— TruEiH'i.K   Hacva.vh. 
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The  old  tuberculin  IB  prepared  by  growing  the  tubercle 

bapilluH  for  h!\  to  twelve  weeks  in  a  glycerin  veal  liroth  in  a 
shallow  layer  in  flat  flaska  (fig.  B7),  so  lliat  there  ih  a  free 
Bupply  of  oxygen  and  an  abundant  growth  with  copious 
film  formation.  The  latter  Boenm  to  be  essential,  but  it 
does  not  appear  to  matter  whether  the  bacilli  be  virulent  or 
non-virulent,  or  whether  they  he  of  human  or  of  mam- 
malian origin.  The  cultures,  bacilli  and  all,  are  concen- 
trated over  a  water-bath  to  about  one-tenth  of  their  volume 
and  then  filtered  through  porouB  porcelain ;  the  resulting 
fluid  is  thick,  owing  to  the  concentration  of  the  glycerin  by 


Kio.  37.— Flask  for  Gfiownja  Tubmrculin. 

the  evaporation,  is  of  a  dark  amber  colour,  and  possesses 
a  curious  characteristic  smell.  The  large  proportion  of 
glycerin  preserves  the  fluid,  wlnVh  kef'ps  indefinitely  in  a 
cool  dark  place. 

This  old  tuberculin  possesses  remarkable  properties. 
Injected  into  a  healthy  animal  or  individual  it  produces  no 
effect,  but  in  a  tuberculous  one  minute  dowes,  0'003  gram, 
give  rise  to  a  marked  reaction  -  elevation  of  temperature 
with  constitutional  disturbance  more  or  less  severe,  and 
swelling  and  tumefaction  of  tubercular  lesions  (glands, 
ulcers,  &c.)  By  cautiously  increasing  the  amount  a  tolera* 
tion  is  gradually  induced,  so  that  large  doses  cause  little  or 
no  disturbance.  Under  certain  condilions  the  injections  of 
tuberculin    produce    marked    changes  in    the   tuberculous 
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r  parts,  leading  to  neerosia  and  exFoIiationj  with  subsequent 
healthy  reaction  and  repair;  this  is  espeeiiilly  ween  in 
cases  of  lupUB.  By  continued  injections  a  marvellous 
improvement  resultn,  so  much  so  that  a  cure  is  apparently 
efFected  ;  but  unfortunately  when  the  tuberculin  treatment 
is  discontinued  the  scar  usually  breaks  down  and  the 
disease  returns.  Nevertheless  a  few  cases  have  remained 
permanently  healed. 

Healthy  f^uinea-pigs  hear  considerable  injections  of 
tuberculin  without  harm  ;  hut  if  they  be  tuberculous,  if  the 
disease  is  advaticed  ((^i^dit  to  ten  weeks  after  inoculation), 
doses  of  O'Ol  gram  produce  death  ;  if  less  advanced  (four  to 

I  five  weeks  after  inoculation)  a  larger  dose,  0*2  to  OH  gram, 

is  required  ;  but  O-;*)  jj;rani  always  ]>roves  fatal.  The  ^wst- 
mortem  api^earances  are  eon^estion  of  the  lymphatics  and 
viscera,  and  dark  n^d  spots,  from  mere  points  to  the  size  of 
a  hemp  seed,  on  the  liver  and  spleen.  These  are  due  to 
enormous  dilatation  of  the  capillaries  in  the  immediate 
neighbourhood  of  tubercular  deposits,  actual  extravasations 
of  blood  being  rarely  found.  The  hitmorrhagic-liko  sputs 
on  the  liver  are  almost  pathognomonic  of  death  from  tuber- 
culin. 

Koch  found  that  if  old  tuberculin  be  mixed  with  five 
times  its  volume  of  absolute  alcohol  a  brown  resinous  mass 
is  deposited,  the  active  principle,  however,  being  still  in 
solution.  With  a  larger  amount  of  alcohol  thti  tictive 
principle  is  precipitated  with  the  resinous  mass.  The  old 
tuberculin  conttiiiis  about  10  per  cent,  of  .nolid  matter; 
attempts  have  been  made  to  standardize  it  by  intra-cerebrai 
injection,  but  without  much  success. 

If  the  alcohol  be  added  to  the  tuberculin  in  the  propor- 
tion of  2  :  3,  a  white  llocculent  powder  is  precipitated,  which 
can  be  purihed  by  washing  with  (>0  per  cent,  alcohol  and 
finally  \nth  absolute  alcohol  and  ilrying  in  vacuo.  This 
powder  aeunia  to  contain  the  active  i)rinciple  ;  it  is  soluble 
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in  water,  hut  the  Bolutiou  diminishes  in  activity  with  age. 
A  solution  in  50  per  cent,  glycerin  keeps  well  for  several 
montlis  and  can  he  exposed  to  very  hif^h  temperatures 
(130"  to  1()0'  C.)  without  diminution  of  activity.  The 
pure  8ul>8tance  t;ives  all  the  protein  reactions.  Picric 
acid  causes  a  preoipitafe  which  dissolveH  on  lieatitig  and 
reappears  on  cooling ;  nitric  acid  also  gives  a  precipitate, 
but  hydrochloric  and  Bulphuric  acids  do  not.  It  contains 
sulphur^  and  from  its  reactions  and  elementury  analysis 
evidently  helongs  to  the  protein  group,  and  is  moat  nearly 
allied  to  the  proto(>seft/ 

Hunter-  examined  the  old  tuhereulin,  with  the  follow- 
ing result.  Native  protein  ia  absent.  It  gives  the  proteose 
reaction  with  nitric  and  picric  acids,  and  also  the  biuret 
reaction.  AmnioniuTii  sulphate  completely  jirecipitat-es 
ilie  protein  matter,  therefore  peptones  are  absent.  The 
proteoses  present  are  proto-  and  deutero-albumose,  with 
some  hetero-albumose  and  occasionally  a  trace  of  dys- 
albumose.  It  also  contains  traces  of  mucin,  glycerin, 
extractives,  and  colrmrin*^  matter,  Halts  and  two  alkuloidal 
bodies.  Hunter  concluded  that  the  proteoses  are  the 
substances  posseHsin^  remedial  and  inflammatory  actions, 
while  the  alkaloid  bodies  are  fever-producing  and  not 
essential  to  its  remedial  properties, 

The  dose  to  commence  with  should  he  not  more  than 
0'001-0'0(>2  C.C.,  diluti{)ns  boinj:;  made  with  0*5  per  cent, 
carbolic  solution,  and  the  dose  is  rejwated  when  all  reaction 
has  passed  away  and  is  increased  gradually.  For  treat- 
ment, the  use  of  the  old  tuberculin  has  almttst  completely 
been  given  up  in  favour  of  the  new  tuberculin  TR. 

The  New  Tuberculin, — In  endeavouring  to  obtain  sub- 
fltances  having  an  immuniaing  action  against  the  tubercle 
bacillus,  Koch  <lcvtsed  three  new  modifications  of  tuber- 
culin, all  prepared  from  young  and  virulent  cultures,  which 
'  l,anctt,  1801.  ii.  p.  970.  '  Brii.  Med-  Jowti.  1891,  ii.  p.  1G9. 
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are  dried  m  varitv  nnd  triturated  by  machinery,^  The 
first,  termed  TA  (tuberculin,  albiline),  is  prepared  by 
stirring  iind  shaking  tubercle  bacilli  with  a  10  per  cent. 
solution  of  caustic  soda  and  filtering.  Tbia  preparation 
produces  much  the  same  reaction  and  effects  as  the  original 
tuberculin  ;  but  has  an  inauporablo  drawljack— it  produces 
abscesses  at  the  seat  of  inoculation  wlien  injected  in  any 
quantity.  The  two  other  moditicationB,  termed  TO  and 
TR,  are  prepared  by  thorouglily  triturating  tubercle  bacilli, 
emulsifying  with  distilloil  water,  and  ceiitrifugiilizing. 
After  centrifugalizing  the  emulsion  forms  two  layers  — an 
upper  one  consisting  of  a  white  opalescent  yet  translucent 
liquid  free  from  bacilli,  and  a  lower  consisting  of  a  muddy 
residue.  The  former  is  the  tuljerculin  0  or  TO  (0=o6<;r, 
upper).  The  residue  is  collected^  dried,  triturated  and 
centrifugalized,  and  again  yields  two  similar  layers. 
The  same  operation  is  repeated  several  times  until  no 
residue  is  left.  These  preparations  d*>  not  give  rise  to 
abscesseB.and  the  upper  layer  after  thelirst  centrifugalizing 
has  alone  to  be  distinguished  from  the  subsequent  ones,  the 
liquids  resulting  from  the  second  and  succeeding  centri- 
fugaliaations  being  all  alike  in  their  action  ;  they  form  the 
tuberculin  R  or  TR  (R  =  residual). 

It  is  the  tuberculin  R,  or  ?tew  tuberculin^  which  is  now 
used  for  treatment ;  it  contains  '1  mgrm.  of  solid  matter  per 
cubic  centimetre  (not  10  mgrm.  as  formerly  stated),  and 
for  use  is  diluted  with  20  per  cent,  sterile  glycerin  solution. 

Tuberculin  0  closely  resembles  tuberculin  A,  but  does 
not  cause  suppuration  ;  its  immunizing  proi>ertie8  are,  how- 
ever, feeble.  Tuberculin  R,  on  the  contrary,  possesses 
distinct  immunizing  properties  and  causes  neither  reaction 
nor  suppuration.  According  to  Koch,  healthy  guinea-pigs 
treated  with  increasing  doses  of  TR  become  so  completely 

'  Deutsch.  Med.  Woe  heme  nr.  l«i*7,  April  1  (tranitUtions  or  abstracts  in 
raoflt  of  the  uiodical  joumaUi  t>[  about  tliii>  date). 
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immunized  that  they  are  unafTecttjtl  by  8iil>s«quent  inucnla- 
Uoii  with  virulent  bacilli.  In  guinea-pigs  first  inoculated 
with  virulent  bacilli  and  then  treated  by  injections  of  TR 
retrogresHive  changes  in  the  infected  organs  are  always 
met  with,  and  provided  the  treatment  be  commenced 
within  one  to  two  weeks  after  inoculation,  a  cure  ia  wrought. 
For  treatment  of  tuberculoeiB  in  man  the  initial  dose  is 
equivalent  to  not  more  than  loirn*-  --si^K^Ci  mgrni.  of  solid 
matter.  The  doses  are  given  subcutaneously  at  intervals 
of  10-14  days^  and  the  treatment  should  be  controlled  by 
opsonic  determinationH.  According  to  Latlium,  tuberculin 
may  also  be  given  by  the  mouth.  Cases  of  cutaneous  or 
localised  tui»urculosis,  and  tho.se  in  wliicb  the  opsonic  index 
to  tubercle  is  moilenUely  reduced,  do  best.  In  phtliisisand 
visceral  Luberculortis  tio  ntriking  reHults  have  been  olittiined. 

Dehring  has  prefnired  another  tubeix-uiin,  tulase  or  TC, 
by  treating  tubercle  bacilli  with  chloral,  which  he  states 
has  a  marked  curative  action,  and  is  better  administered 
by  the  mouth  than  by  sub-cutaneous  inoculation.  By 
giving  tuIasB  to  cows,  the  milk  is  said  to  ae<]inre  immuni- 
zing and  curative  properties  which  are  transmitted  to  those 
consuming  it.     Other  tubercitlius  are  also  on  the  market. 

Crookshankand  Herrouu  '  obtained  from  glycerin  broth 
cultures  of  the  tubercle  bacillus  a  proteose  and  an  alknloidal 
body.  The  proteose  was  also  obtained  from  *  |)erlHUclit.* 
Both  the  alkaloid  and  the  proteose  (from  both  sources) 
produced  a  rise  of  temperatxu-e  in  tuberculous  guinea-pigs, 
while  in  healthy  animals  the  former  caused  a  slight,  and 
the  latter  a  marked,  fall  in  temperature. 

De  Schweinitz  and  Dorset*  descrilie  some  chemical 
products  they  have  isolated  from  the  tubercle  bacillus  grown 
m  a  special  glycerin-asparagiu  mixture.     From  the  bacilli 
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'  Brii.  Med  Jtmm.  1891,  i.  p.  401. 
»  Med.  Journ.  a\A\,  1897.  July  2-1.  p.  195. 
Bureau  of  Anivuil  ludusfry,  U.S.A.f  1S98. 
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themselves  an  acid  body  was  isolated,  probably  teraconic 
acid,  an  unsaturated  acid  of  tlie  fatty  series.  A  certain 
amount  of  the  same  body  was  tvlso  obtained  from  the  special 
tiuHuru  medium,  but  only  a  trace  from  glycerin  broth  in 
which  the  bacilK  had  been  cultivated ;  in  the  latter  case 
not  because  it  was  not  formed,  but  because  of  the  difficulty 
of  isolation.  This  acid  seemed  to  produce  on  injection 
deprepsion  of  temi>eraturcand  necrosis  of  the  tissues  locally. 
It  has  also  some  immunising  power,  and  may  be  the 
substance  producing  caseation  in  the  tubercular  nodules. 
The  bacilli  extracted  with  hot  water  yielded  an  albummoid, 
which  gave  the  tuberculin  reaction.  This  they  regard  as 
the  fever-producing  Huhstance. 

Maragliano  *  states  that  toxic  bodies  are  present  in  the 
blood  and  urine  of  tuberculous  individuals.  Cellulose  also 
seems  to  be  present  in  small  amount  in  the  bacilli  (it  has 
also  been  foiuid  in  Lubercalar  nodules). 

Tubercle  bacilli,  living  or  dead,  are  with  great  difficulty 
absorbed  when  in  any  quantity.  The  dead  bacilli  when 
injected  under  the  skin  invariably  cause  suppuration,  and 
several  montlis  later  it  is  still  possible  to  detect  in  the  pus 
numerous  bacilli  which  stain  well ;  introduced  into  the 
circulation  of  rabbits  they  give  rise  to  nodules  in  the  lungs 
similar  to  the  tuberculous  nodules  produced  by  Hviiig bacilli 
(Koch). 

Action  of  Ilfttt  and  Aniiaeptics  an-  the  Tubercle 
Bacillus,  — The  thermal  death-point  of  the  bacillus  has  been 
the  subject  of  some  controversy.  Sternberg  found  that 
tuberculous  sputum  exi:KJsed  for  ten  minutes  to  a  lemi)eraiure 
of  90",  80°,  and  (>G°  C.  failed  to  infect  guinea-pigs  on 
inoculation,  while  another  specimen  of  the  same  sputum 
heated  for  ten  minutes  to  a  temj^erature  of  50^  C.  produced 
tuberculosis  in  a  guinea-pig,  so  that  from  these  exijerimeuts 
the  thermal  death-point  lies  between  50^  and  G(i^  C. 

'  Zeiischr.f,  Ttihtrk,  «.  HeiUtattenwescn^  i.  p.  11. 
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Yersin  in  1888,  by  culture  methodB,  failed  to  obtain  any 
growth  from  bacilli  which  had  been  heated  fco  70"  C.  for 
ten  minutes,  while  those  heated  to  55°  C.  and  60°  C.  gave 
growths  in  glycerin  broth  in  ten  days  and  twenty-two  days 
respectively.  Macfadyen  and  the  writer,  in  the  course  of 
some  experiments  on  the  steriUzation  of  milk,  found  that 
milk  to  which  jjowdered  dried  sputum  had  been  added  waa 
rendered  innocuous  by  a  momentary  heating  to  67*- 68*"  C. 
TheHe  experiments  indicate  tliat  a  teni])eratuni  of  (IS"*  C.  and 
over  is  probably  rapidly  fatal  to  the  tubercle  bacillus,  so 
that  milk  which  has  been  pasteurized  (i,e,  heated  to 
6H''-70''  G.  for  twenty  to  thirty  minutes)  may  be  regarded 
as  quite  safe.  Exi)tirimeut8  by  the  Koyal  Commission  on 
Tuberculosis  with  virulent  tuberculous  milk  gave  somewhat 
irregular  results  ;  in  one  instance  heating  to  65°  C.  for  two 
and  a  half  minutes  rendered  the  milk  innocuous,  in  another 
instance  after  five  minutes  at  10^  C-  it  was  slightlj'  virulent, 
but  twelve  minutes  at  the  same  temperature  rendered  it 
inert  (see  also  section  on  Milk), 

The  tubercle  bacillus  offers  considerable  resistance  to 
the  action  of  antiseptics  and  germicides.  Yerain  found  that 
it  was  killed  by  5  per  cent,  carbolic  acid  in  thirty  wcconds, 
by  1  per  cent,  in  one  minute,  by  absolute  alcohol  in  five 
minutes,  and  by  mercuric  chloride,  I-IOOO,  in  ton  mimrt<'s. 
Crookahank  found  that  tuberculous  sputum  mixed  with  an 
equal  volume  of  5  per  cent,  carboHc  was  rendered  innocuous 
in  a  few  minutes,  and  this  without  any  special  precautions 
ttH  to  bre^iking  up  the  masses.  For  disinfecting  sputimi 
mercuric  chloride  is  unsuitable,     \See  also  Chap.  XXI.) 

Pathogenesis  t(c. — Man  is,  unfortunately,  only  too  fre- 
quently attacked  with  tuberculosis,  the  manifestations  of 
which  tend  to  differ  somewhat  at  different  age  periods. 
Thus,  iu  the  very  young,  general  miliary  tuberculosis, 
tubercular  meningitis,  and  tubercular  disease  of  the 
peritoneum,  intestine,  and  luesunteric  glands  (tabes  mesen- 
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terioa}  are  the  commonest ;  in  older  children,  np  to  the  age 
of  puberty,  tubercular  disease  of  lymphatic  glands, 
especially  in  the  neck,  tubercular  disease  of  joints  and 
bone,  and  tubercular  disease  of  the  skin  iu  the  form 
of  lupus  are  the  most  conmion  ;  in  young  adults,  tuber- 
cular disease  of  the  lung;  and  in  older  people,  chronic 
disease  of  the  lung  and  tubercular  disease  of  the  urinary 
organs  and  tester,  and  of  the  suprarenal  capsules  (Addison's 
disease).  Scrofula  and  struma  were  terms  formerly  much 
employed :  both  denote  a  swollen  neck  and  were  applied  to 
cases  the  subjects  of  chronic  tubercular  inflammation  with 
enlargement  of  the  lymphatic  glands,  the  cervical  glands 
being  most  often  affected,  and  frequently  associated  with 
other  conditions,  such  as  inflammation  of  the  ear,  throat 
and  eye,  and  implication  of  bones  and  joints. 

The  distribution  of  the  bacillus  in  the  tissues  varies 
considerably.  In  young  and  active  tubercles  the  bacilli 
are  more  plentiful  and  more  easily  demonstrated  than  in 
older  and  more  chronic  ones.  They  tend  to  be  more  numerous 
in  some  animals  than  in  others — iu  the  ox  and  horse  than 
in  man,  for  example.  In  man  the  bacillus  is  difficult  to 
demonstrate  (by  staining)  in  enlarged  and  caseating  glands, 
in  pus,  in  synovial  membranes,  and  in  lupus.  In  some 
animals,  especially  the  ox  and  horse,  bacilU  can  usually 
be  readily  demonstrated  and  may  be  present  in  large  num- 
bers, and  frequently  have  the  typical  distribution,  viz. 
within  and  at  the  periphery  of  the  giant  cells,  though  they 
are  by  no  means  confined  to  this  locality  (fig.  38). 

The  majority  of  the  domestic  animals  are  subject  to 
tuberculosis.  It  is  most  common  in  the  ox,  pig,  and  horse, 
much  less  so  in  the  sheep  and  goat,  cat  and  dog.  Wild 
animals,  both  mammals  and  birds,  in  a  state  of  captivity 
are  also  specially  prone  to  be  attacked,  and  a  large  num- 
ber of  the  deaths  at  the  Zo<.>logicaI  Gardens,  London, 
particularly  among  the  apes,  are  due  to  this  disease. 
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In  carj),  tubercle-like  nodules  are  occasionally  mot  with 
in  which  a  bacillus  rotfembling  the  tubercle  bacilhis  in 
morphology  and  staining  I'eactlons  is  present.  It  grows, 
however,  much  more  freely  than  the  true  tubercle  bacillus, 
and  thouf^h  ino(!ulablo  into  Qnh  and  frogs,  is  non-inoculable 
into  warm-blooded   animals.     But   it   yields   a  tuberculin 
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which  reacts  with  mammalian  tuberculosis,  and  by  feeding 
carp  on  the  mammalian  tul>ercle  bacillus  this  can  appa- 
rently be  transformed  into  the  piscian  variety. 

Bird  or  avian  tuberculosis  undoubtedly  differs  in  many 
respects  from  mammalian  tuherculusiK.  The  tubercular  new 
fonnations  may  be  very  large,  but  do  not  show  nearly  such 
a  disposition  to  caseation  or  suppuration  as  the  human 
lesions.     Epithelioid   cells  form    the   major   part  of    ihi 
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growth,  and  giant  cells  are  very  infrequent.  One  remark- 
able feature  is  the  enormous  nnujbers  of  bacilli  which  may 
be  present  in  the  tisauea ;  in  places  they  may  be  so 
numerous  and  closely  packed  as  to  form  distinct  masses  or 
nodules.  The  bacilli  of  avian  have  the  same  staining  re- 
action as  those  of  mammalian  tuberculosis,  but  on  cultivation 
and  inoculation  various  difTerences  between  the  two  races 
become  evident. 

The  mammalian  bacilli  flourish  best  at  about  37°  C, 
and  growth  ceases  at  41°  C,  whereas  tlie  avian  bacilli 
thrive  luxuriantly  at  43^  C,  and  the  growth  of  the  latter 
on  glycerin  agar  is  much  moister  and  more  wrinkled,  and 
often  more  pigmented,  than  that  of  the  former.  Fowls  and 
dogs  are  with  diftjculty  infected  with  human  bacilli,  but 
dogs  are  susceptible  to  infection  with  avian  bacilli.  In  all 
probability  the  avian  bucillus  is  a  varioty  of  the  mammalian 
and  not  a  distinct  species,  as,  by  cultivation  on  boric-acid 
agar  and  on  eggs  &c.,  the  mammalian  bacilli  assume  the 
characters  of  the  avian.  The  subject  of  avian  tuberculosis 
is  of  some  practical  importance,  as  several  cases  are  now 
recorded  in  which  the  bacDli  cultivated  from  human  cases 
were  of  the  avian  ty^ie,  and  probably  derivetl  from  an  avian 
source  of  infection. 

Nocard  described  two  types  of  tuberculosis  in  the  horse, 
one  in  which  the  tuberculous  lesions  are  chielly  abdominal, 
while  in  the  other  the  lungs  and  bronchial  glands  are  most 
severely  affected.  From  a  long  series  of  observations  he 
came  to  the  conclusion  that,  generally  speaking,  the  bacillus 
obtained  from  the  pulmonary  variety  is  of  the  ordinary 
mammalian  typo,  while  that  of  the  abdominal  one  belongs 
to  the  avian.' 

As  regards  mammalian  tuberculosis,  Koch*s  address  at 
the  Congress  on  Tuberculosis^  in  1901  upset  our  precon- 

'  Joum.  of  Comp.  Path,  and  Therapeui.  ix.,  1806,  p.  178. 
'  See  Brit.  Med,  Joum.  1901,  ii.  p.  180. 
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ceived  idetis.  It  had  been  known  that  there  are  certain  differ- 
ences between  the  bacilli  of  huraun  and  of  bovine  tubercu- 
losis, the  latter  being  shorter  and  thicker  and  more  readily 
cultivated  than  the  former;  also  while  human  tubercular 
material  injected  into  a  rabbit  produces  small  discrete  lesions 
in  the  organs,  bovine  material  produces  large  caseating 
masses.  These  distinctions  had  been  regarded  as  being 
due  to  variations  in  the  bacilli  as  a  result  of  growing  upon 
a  difTerent  soil  and  not  to  any  fundamental  difference 
between  the  two  strains  of  bacilli.  Koch,  however,  stated 
that  young  cattle  and  swine  could  not  be  infected  with 
human  tuberculous  niutorial,  and  he  therefore  concluded 
that  human  and  inatnmalian  tubercle  bacilli  are  essentially 
different.  As  a  result  of  his  experiments  he  concluded  that 
*  though  the  important  question  whether  man  is  susceptible 
to  bovine  tubei'culosis  at  all  is  not  yet  absolutely  decided, 
if  such  a  susceptibility  realty  exists,  the  infection  of  human 
beings  is  but  a  very  rare  occurrence/ 

This  view  met  with  conbiderable  opposition,  and  a 
Royal  Commission  was  appointed  to  investigate  the  (question, 
and  the  following  summarizes  the  results  obtained  up  to 
the  present,  from  which  it  will  be  gathered  that  there  is 
no  justification  for  assuming  that  man  is  infected  from 
human  sources  alone.  Thirty  different  viruses  isolated  from 
cases  of  tuberculosis  occurring  spontaneously  in  bovines  have 
been  studied,  and  the  results  of  introducing  them  into  a 
number  of  different  animals  by  feeding  and  by  inoculation 
are  recorded.  In  calves,  inoculation  usually  results  in 
generalized  progrensive  tuberculosis,  but  the  effect  is  some- 
what dependent  on  the  dose,  i.e.  the  number  of  bacilli, 
administered.  Thus  whereas  50  ragrm.  of  culture  always 
produced  a  fatal  generalized  progressive  tuberculosis,  in 
two  instiinces  much  smaller  doset*— 0'01-0-02  mgrm. — 
produced  only  limited  retrogressive  tuberculosis.  Feed- 
ing, on  the  other  hand,  usually  produced  lesions  limited 
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to  the  neighbourhood  of  the  digestive  tract,  which  generally 
retrogress  and  become  calcareous.  The  l)Ovine  bacillus, 
when  introduced  into  rhesus  monkeys  or  chimpanzees 
either  Ly  iiiooulation  (even  in  so  small  a  dose  as  0*001  lugrm.) 
or  by  feeding,  induces  rapid  generalized  tuberculosis, 
and,  considering  the  close  relation  that  exists  between 
the  anthropoid  apes  and  man,  these  results  are  of  the 
highest  importance.  In  pigs,  generalized  progressive  tuber- 
culosis is  readily  set  up  both  by  feeding  with  and  by  the 
inoculation  of  bovine  bacilli.  Goats,  dogs,  and  cats  are 
relatively  less  susceptible,  but  more  or  less  tuberculouB 
infection  can  similarly  be  produced  in  them.  On  this 
part  of  the  investigation  the  CommisBionera  remark  that 
the  bacillus  of  bovine  tuberculosis  is  not  so  constituted  as 
to  act  on  bovine  tissues  only,  and  fche  fact  that  it  can 
readily  infect  the  anthropoid  apes,  and,  indeed,  seems  to 
produce  this  result  more  readily  than  in  the  bovine  body 
itself,  has  an  importance  bo  obvious  that  it  need  not  be 
dwelt  on.  The  viruses  isolated  from  sixty  cases  of  the 
disease  in  man  have  also  been  studied,  and  the  results 
obtained  show  that  they  may  be  divided  into  two  groups, 
subsequently  referred  to  as  Group  L  and  Group  II.  The 
bacilli  of  Group  I.  comprise  fourteen  viruses,  one  obtained 
from  sputum,  three  from  tuberculous  cervical  glands,  and 
ten  from  mesenteric  glands  of  primary  abdomiiuil  tuber- 
culosis in' children.  The  results  produced  by  introducing 
these  viruses  into  animals  aro  identical  with  those  produced 
by  the  bovine  bacillus.  The  bacilli  of  Group  IL  comprised 
forty  viruses  obtained  from  variouH  forms  of  human  tuber- 
culosis— cervical  glands,  mesenteric  glands  (8),  lungs  and 
bronchial  glands  (10),  joint  and  bono  diseaso  (9),  testes, 
kidiiey,  &c. — grow  more  lusm'iaully  in  culture  than  those 
of  Group  I.,  and  inoculated  into  calves  and  rabbits  do  not 
produce  the  generalized  and  fatal  disease  caused  by  the 
bovine  bacillus,  but  in  rhesua  monkeys  and  in  the  chim- 
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panzee  set  up  a  general  tuberculosis.  Certain  human 
viruses,  differing  in  certain  reflpecis  from  those  of  riroups 
I.  and  IL,  were  also  met  with  and  are  classed  as  Grouj)  III., 
but  an  opinion  on  their  significance  is  reserved  for  a  future 
rei>ort. 

The  CommiBsionerB  conclude  that  the  tubercle  bacillus 
in  its  nutritive  and  reproductive  powers  resembles  other 
simple  orp;ani8ms,  and  that  the  essential  difference  between 
one  strain  and  another  depends  on  variations  in  these 
factors,  and  they  therefore  classify  the  bacilli  as  (hjsgonic 
those  that  grow  with  diflicultv  on  artificial  media,  and  as 
eugonic  thoHe  that  grow  readily  on  these  media. 

The  bearings  of  the  results  obtained  are  thus  sum- 
marized : 

*  There  can  be  no  doubt  that  in  a  certain  number  of 
cases  the  tuberculosis  occurring  in  the  human  subject, 
especially  in  children,  is  the  direct  result  of  the  introduction 
into  the  human  body  of  the  bacillus  of  bovine  tuberculosis, 
and  that  in  the  majority  of  these  cases  the  disease  is 
introduced  through  cow's  milk.  Our  results  clearly  point 
to  the  necessity  of  measures  more  stringent  than  those  at 
present  enforced  being  taken  to  prevent  the  sale  or  the 
consumption  of  tuberculous  milk.' 

As  regards  the  histological  appearances  of  the  tuber- 
culous process  in  different  animals  Dr.  Eastwood  states 
that  there  is  an  underlying  unity  of  the  morbid  processes 
produced  experimentally  by  infection  with  every  variety  of 
bovine  and  human  tubercle  bacillus. 

With  regard  to  the  channel  of  infection  in  human 
tuberculosis  opinions  differ.  Koch  insisted  that  inhalation 
of  air-borne  bacilli  derived  from  dried  human  Bputum  is 
the  principal  source  of  infection  ;  Von  Behring,  on  the  other 
hand,  has  expressed  the  opinion  that  tuborculous  milk  fed 
to  children  is  the  main  source  of  infection  both  of  children 
and  of  adults ;  in  the  latter  case  bacilli  are  ingested  in 
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childhood  and  ho  dormant  for  yeftrs  before  becoming  active. 
At  the  CongresB  of  Hygiene  at  Berlin,  1907,  Fhigge  staled 
that  hirt  experiments  showed  that  tubercitlosis  can  be 
communicated  to  animals  by  inhalation,  and  tliat  the  dose 
of  bacilli  required  to  infect  by  the  respiratorj'  tract  is  very 
far  less  than  that  required  to  infect  by  the  alimentai*y 
canal.  The  mode  of  infection  in  man  doubtless  varied, 
and  he  believed  that  children  may  bo  infected  by  the 
digestive  tract,  by  tuberculous  food,  particularly  milk,  but 
the  most  extensive  sonrce  of  infection  ia  the  number  of 
droplets  of  tuberculous  expectoration  coughed  up  by  eon- 
Bumptives ;  these  iloat  in  the  air  and  serve  as  sources  of 
infection  to  others. 

Ribbert  and  Bchrotter  also,  from  the  evidence  of 
antopaies^  considered  inhalation  as  the  chief  mode  of  infec- 
tion in  man.  Calmette,  on  the  other  hand,  believes  that  in 
the  young,  infection  by  the  digestive  tract,  especially  by 
tuberculous  milk,  is  the  most  frequent,  and  attaches  little 
or  no  importance  to  dry  dust  containing  tubercle  bacilli  as 
a  source  of  infection.  Ravenel  considers  that  the  ali- 
mentary tract  is  a  frequent  porta!  of  entry,  particularly  in 
children,  for  the  tubercle  bacillus,  which  he  believes  is  able 
to  pass  through  an  intact  mucous  membrane.  Of  sixty 
cases  of  human  tuberculosis  inveBtigated  by  the  Royal 
Commission  on  Tuberculosis  twenty-eight  possessed  clinical 
histories  indicating  that  in  them  thebacillus  was  introduced 
by  the  alimentary  canal. 

The  occurrence  of  tuberculosis  in  the  dameatic  animals 
raises  somo  points  of  practical  value,  especially  the 
occurrence  of  infection  from  the  consumption  of  meat  and 
milk  from  diseased  animals.  In  the  ox  the  tuberculous 
lesions  are  most  frequently  met  with  in  the  lymphatic  glands 
and  serous  membranes,  particularly  the  pleura,  and  in  the 
lungs  and  liver,  while  the  fat  and  muscular  tissues,  which 
constitute  the  major  part  of  '  meat,*  are  very  rarely  afifec ted. 
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On  the  pleura  the  growths  take  the  form  of  nodular  masses, 
whiiiL  from  their  arraugement  arc  popularly  termed  *  grapes 
or  *  angle  berries,*  There  can  be  no  douLt  that  the  carcase* 
of  an  animal  extensively  afTecteil  with  till  lerciiloBis,  especially 
if  wasting  has  occurred,  should  be  condemned  as  unfit  for 
food,  and  likewise  all  parts  in  which  there  aro  tul)orcii]ar 
deposits.  But  it  becomes  an  im|K)rtant  question  for  the 
community,  financially  as  well  aa  from  a  hygienic  point  of 
view,  as  to  the  method  of  procedure  with  the  meat  fi*om 
a  beast  comiwiratively  slightly  affected  with  tuberculosis — 
an  enlarged  gland  or  two,  and  a  few  nodules  on  the  pleura. 
No  doubt  the  ideal  method  is  the  condemnation  and  destruc- 
tion of  all  tuberculous  carcases,  be  the  amount  of  tubercle 
ever  so  little ;  but  from  a  financial  point  of  view  this 
becomes  almost  an  irapoHBibility  because  of  the  large 
amount  that  would  have  to  be  paid  in  compensation. 
Ex])eriment  has  demonstrated  that  the  tubercle  bacilli  are 
practically  confined  to  the  tuberculous  areas  and  are 
extremely  rarely  met  with  in  the  muscular  tissue,  and 
these  portions,  therefore,  it  might  seem,  could  be  eaten 
with  impunity,  especially  as  they  would  be  cooked  before 
consumption. 

The  Report  of  the  first  Royal  Commiaaion  on  Tuber- 
culosis, however^  indicates  two  dangers*  Firstly,  in  cutting 
up  a  carcase  the  butcher  will  most  likely  use  the  same  knife 
throughout,  and  in  tliiw  way  he  may  infect  the  meat  with 
tuberculous  matter  by  smearing  with  the  knife.  Secondly, 
cooking  cannot  be  depended  upon  to  destroy  the  bacilli  un- 
less the  joints  are  under  6  lb.  in  weight ;  when  the  weight 
is  above  this  the  temperature  in  the  interior  may  not  rise 
sufficiently  high.  Evidently  one  of  the  first  things  to  be 
done  is  the  abolition  of  private  slaughterhouses  and  the 
establishment  of  municipal  abattoirs  where  the  meat  would 
have  to  be  passed  by  competent  inspectors.  In  this  way  all 
badly  affected  carcases  would  be  condemned^  and  those  only 
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sliglitly  affected  could  be  Beparatelj'  dealt  with  and  special 
precautions  taken  to  eliminate  tuberculoufl  pieces  Ac. 

Tuberculoua  milk  also  raises  many  iiiiiM>rtant  points.  It 
IB  noteworthy  that  the  incidence  of  abdominal  tuberculosis 
in  young  children  occurs  just  when  cow's  milk  is  the 
staple  article  of  their  diet.  To  avoid  risk,  all  milk  intended 
for  the  food  of  infants  and  young  children  should  be 
pasteurized  by  heating  to  a  temperature  of  friim  (\H'^  to 
70^  C.  for  twenty  minutes,  or  be  sterilized  by  boiling. 

Much  might  ho  done  by  the  regiHtration  of  all  dairy 
premises  and  the  elimination  of  all  tuberculous  animals  from 
dairies,  and  by  enforcmg  the  inspection  of  dairy  cattle  by 
competent  inspectors  at  intervals  of  not  longer  than  a  fort- 
night, making  the  notification  of  any  disease  of  the  udder 
compulsory,  and  the  sale  of  milk  from  such  a  diseased 
udder  illegal  under  a  heavy  penalty  (Roy.  Com.  on  Tuber- 
culosis). The  matter,  however,  presents  considerable 
difficulty.  The  ideal  method,  and  one  -which  commenda 
itself  at  first  sight  as  being  the  most  satisfactory,  is  the 
slaughter  of  all  animals  which  are  tuberculous.  This  was 
adopted  in  the  State  of  Massachusetts  ;  under  an  order  of 
the  Board  of  Cattle  Commissioners  all  beasts  in  the  State 
were  tested  with  tuberculin,  and  every  animal  that  reacted 
was  slaughtered,  and  strict  quarantine  combined  with  the 
tuberculin  test  imposed  on  all  imported  cattle.  Even  in 
this  small  State  such  a  plan  wan  fomid  to  be  unworkable, 
the  expense  being  ao  heavy ;  and  in  Great  Britain  for  such 
a  system  several  millions  would  probably  bo  required  to 
settle  the  claims  for  compensation.  A  middle  course  will 
have  to  be  adopted,  viz.  all  manifestly  tuberculous  animals, 
especially  where  wasting  or  tubercular  udder  is  present,  to 
be  slaughtered ;  animals  to  be  tested  with  tuberculin,  and 
those  which  react  to  be  separated  from  the  healthy  and  to 
be  disposed  of  as  soon  as  convenient,  and  in  the  meanwhile 
kept  as  much  as  possible  in  pasture. 
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Every  available  method    eliould  be  adopted  by  local 

authorities  and  others  to  prevent  the  spread  of  tuherculosiB. 
It  eun  hunlly  be  dnuhbod  Uint  liie  diBeaso,  or  at  least 
phthisis,  should  be  made  notifiable,  though  there  are  many 
difficulties  in  carrying  this  out.  Patients  should  be  warned 
of  the  danger  of  disseminating  their  expectoration,  and 
should  use  pocket  spittoona  containing  an  antiseptic,  or 
liandkerchiefa  («uch  as  the  Japanese  paper  ones)  which  can 
be  destroyed.  Rooms  which  have  been  inhabited  by  tuber- 
culous patients  should  be  disinfected,  for  which  purpose 
Dell-pine  ret;ommends  spraying  with  a  1-100  solution  of 
chloride  of  lime.  Although  the  occurrence  of  direct  infection 
can  rarely  be  proved,  the  possibility  of  this  cannot  be 
ignored. 

Senirn  Therapeutics  and  Vaccine, — Maragliano's  .serum 
is  prepared  by  injecting  cows  with  watery  tuberculin  and 
with  a  bacillary  pulp  made  by  grinding  up  tubercle  bacilli, 
emulsifying  in  water  and  filtering  through  a  porcelain 
filter.  Subcutaneous  injections  of  the  two  preparations 
are  given  in  increasing  doses,  commencing  with  5  c.c,  of 
each,  until  20  c.c.  is  reached,  the  frequency  of  the  injection 
b«ing  determined  by  the  temperature  reaction  and  general 
symptoms  produced- 

Marmorok*s  serum  is  prepared  by  growing  tubercle 
bacilli  in  a  medium  consisting  of  a  leucotoxic  calf  serum 
(prepared  by  injecting  calves  with  leucocytes)  and  glycerin 
liver  bouillon.'  The  filtered  culture  is  injected  into  horses, 
and  their  serum,  after  several  injections,  becomes  antitoxic 
to  a  slight  degree.  It  cannot  be  said  that  even  encouraging 
results  have  been  obtained  with  these  or  other  sera. 

For  vaccine  treat nienty  tuberculin  li  is  usually  em- 
ployed (p.  286).  Latham  baa  recently  found  that  given 
per  Oft  it  produces  its  characteristic  effects. 

Immunity. — Attempts  have  been  made  from  time  to 

'  BulL  de  Vhnt.  Pasteur,  t,  1903,  p.  851. 
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time  to  produce  immunity  a^ainat  the  B.  tuhercidoais, 
particularly  in  cattlo.  TIius  MuFadyean '  found  tbat 
heiferfl  which  had  previously  hnen  Huhjected  to  repeated 
dosea  of  tuberculin  (old),  in  some  cases  resisted  infection 
with  virulent  liacilli.  Behring  '  has  also  employed  human 
tubercle  bacilli  far  the  vaccination  of  cattle  with  satis- 
factory results.  Hia  tulase  likewiee  confers  immunity 
wlien  given  either  by  the  mouth  or  by  the  stomach. 

Theobald  Sraitli^  also  concludes  that  vaccination  of 
calves  with  the  human  type  of  bacilluH  ih  harmlesK,  and 
that  the  procedure  leads  to  a  relatively  high  resistance  to 
fatal  doses  of  the  bovine  bacillus. 


Clinical  Examination. 

1.  The  *  complement- fixation^  test  has  beon  tried  in  tuber- 
culosis by  WasaGrniann  iind  BriickJ  Tuborculoug  auti-bodies, 
however,  appear  to  bo  absent  in  cases  of  localized  or  latent 
tuberculosis,  and  the  test  cannot  therefore  be  applied.  But  in 
acute  miliary  tuberculosis,  Briick'*'  baa  found  them  present  in  the 
early  stages. 

2.  The  examination  of  sputum  Ac,  for  tbe  tubercle  bacillus  is 
now  a  routine  procedure  and  is  often  of  tbe  greatest  value  in 
forming  a  diagnosis^  Fortunately,  owuig  to  the  peculiar  staining 
reaction  of  tbe  tubercle  bacillus,  discovered  by  Koob,  tlie  method 
is  comparatively  simple. 

I.  Sputum. — Film  specimens  are  prepared  by  smearing  with 
a  platinum  needle  a  httlo  of  the  sputum  on  a  slide  so  as  to  form 
a  tbin  film  covering  two  thirds  of  the  surface,  or  by  placing  a 
particle  of  tbe  sputum  on  one  slide,  applyin^^  another  slide, 
pressing  together,  and  then  drawing  apart  ho  tbat  a  thin  film  is 
left  on  each  slide.  The  thick  portion  of  the  sputum  should  be 
used,  the  thin  mucoid  portion  being  rejected.  If  there  are  any 
small  yellow  caseous  particles  present,  these  should  be  chosen,  and 

'  Trans.  Path,  Soc,  Lond.  lui.  1&02.  p.  20. 

*  Brit.  Mrd.  Journ.  1906,  ii.  p.  577. 

»  Jowjji.  Med.  JUsearch,  XVIII.  1908,  p.  461. 

*  DeuL  Med,  Woch.  1906,  xxxii.  p.  44U.  *  Ibid.  p.  H&. 
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snfficiont  matorial  should  bo  used  bo  as  to  form  a  distinct  but  not 
too  thick  lilm  ;  a  little  pxperience  will  snon  decide  the  right 
amount.  Preparations  may  also  be  mnde  by  smearinf;  the  sputum 
on  a  cover-glass  or  between  two  cover-glasses  instead  of  using 
slides.  Whichever  plan  is  a<loptod,  the  film  is  dried  and  fixed  in 
the  usual  manner  (generally  by  boat)  and  then  stained  by  one  of 
the  following  methods: 

(a)  Z iehl-Necheii  Method, — Warm  filtered  carbol-fachsin 
two  to  five  minutes  (one  minute  is  often  quite  sufficient).  Film 
speeimens  on  slides  are  most  conveniently  stained  by  flooding 
with  the  dye  and  warming  on  a  piece  of  asbestos  cardboard 
supported  on  a  tripod,  or  slides  or  cover-glasses  flooded  with 
the  stain  may  be  held  in  the  forceps  and  carefully  warmed 
over  a  ilamo,  or  the  preparations  may  be  immersed  in  a  watch- 
glaaa  or  dish  of  tho  stain,  coveroii,  and  placed  in  the  warm 
incubator  for  half  an  hour.  In  no  cane  must  the  stain  be  allowed 
to  boil ;  it  should  only  be  warmed  sufficiently  to  steam  (50"- 
60°  C),  and  with  slides  or  cover-glaaaes  as  evaporation  takes  place 
more  stain  (always  filtered)  should  be  added.  After  staining,  the 
preparations  are  washed  in  water  and  then  decolorized  by  treat- 
ing with  26  per  cent,  sulphuric  or  80  per  cent,  nitric  acid.  In 
decolorizing,  when  the  preparation  is  immersed  in  the  acid  in 
a  watch-glass  or  small  beaker  its  colour  changes  to  a  yellowish 
brown,  but  on  rinsing  in  water  a  good  deal  of  the  pink  colour 
returns.  The  treatment  with  acid  and  with  water  alternately  is 
repeated  until  the  preparation  is  practically  colourless  when  rinsed 
in  water.  With  sputum  this  ia  usually  the  case  after  three  or 
four  rinses  in  tho  acid,  but  it  variuH  with  tho  tliickness  of  the  film 
and  with  tho  number  of  tubercle  bacilli  present ;  when  these 
are  absent  the  film  often  decolorizes  more  readily  than  when 
there  are  many.  The  presence  of  blood  renders  the  docolorixa- 
tion  difficult.  Aft^r  decolorixing  and  washing,  the  preparations 
are  stained  for  one  minute  in  Loffler's  methylene  blue,  washed  in 
water,  and  mounted  in  water,  or,  butter,  dried  and  mounted  in 
Canada  balsam  or  cedar  oil.  When  the  preparation  is  made  on 
the  slidoj  after  washing  and  drying,  it  can  be  examined  directly 
without  a  cover-glass  with  the  oil-immersion  after  applying  a 
drop  of  cedar  oil,  unless  a  permanent  specimen  is  desired,  in 
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which  case  a  drop  of  balaam  is   put   on  and   the   film  oovered 
with  a  oovBr-glass. 

The  tubercle  bacilli  appear  as  delicate  red  roda,  often  beaded 
or  sefjinonted,  on  a  blue  liAck^round  compoged  of  cells,  muciis, 
and  putrefactive  or  other  bacteria.  Occasionally  here  and  there 
a  little  red  colour  may  be  present  in  addition  to  the  tubercle 
bacilli.  Hair  and  keratinized  material  generally,  such  as  horny 
epithelium^  and  red-blood  corpuscles,  retain  the  red  colour  after 
the  foregoing  treatroent,  and  the  spores  of  bacteria  are  also 
liable  to  retain  the  red  somewhat  persistently.  These  exceptions 
are  not,  however,  likely  to  prove  a  source  of  error,  for  the  tubercle 
bacilli  should  be  recognised  not  only  by  their  red  colour,  but  also 
by  their  characteristic  siaq,  shapo,  and  general  appearance.  It  is 
ooueeivabie  that  acid-fast  bacilli  not  tubercle  might  be  proseot 
in  sputumr  but  such  an  event  is  a  very  unlikely  one.  For  the 
microKCopical  examination,  a  j^^-inch  with  good  illumination  is 
Bufticient  when  the  tubercle  bacilli  are  prcaent  in  any  number. 
When  they  are  scanty  it  is  necessary  to  use  a  /^-inch  oil- 
immersion,  and  this  is  the  better  lens  in  any  case. 

If  tubercle  bacilli  are  not  found,  other  specimens  should  be 
prepared  and  examined.  It  is  only  by  repcaUd  examiiuziions  on 
different  occasions  that  the  negative  evidence^  the  absence  of 
tubercle  bacilli^  becomes  of  any  value. 

The  tubercle  bacillus  is  occasionally  not  acid-fast' ;  probably 
the  bacilli  in  such  cases  are  degenerate  and,  like  all  degenerate 
bacteria,  fail  to  stain  well.  In  material  which  has  been  pre- 
served a  long  time,  eg,  aputum  with  carbolic,  or  tissue  in  spirit, 
the  bacilli  may  be  much  less  acid-fast  than  in  fresh  material. 

Various  methods  have  been  recommended  for  the  solution  of 
the  sputum  and  the  examination  of  the  sediment  for  the  Imeilli, 
after  sedimentation  or  contrifugalizing,  but  they  are  more  or  loss 
complicated  and  do  not  present  any  special  advantage  if  several 
specimens  are  examined.     (See  section  on  Milk.) 

If  it  is  inconvenient  to  examine  the  sputum  for  a  day  or  two 
a  little  1-20  carbolic  should  be  added.  This  preserves  the  sputum 
and  the  tubercle  bacilli  seem  to  retain  their  staim'ng  power 
unimpaired  in  such  a  mis^ture,  certainly  for  many  months. 

■  See  Laticet,  1U08,  L  p.  1222. 
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If  the  tubercle  Isacillns  cannot  be  detected  inicroacnpicftlly  after 
repoattid  examinations,  aud  it  Ib  important  to  make  a  diagnosis, 
the  inoculation  method  mpy  be  employed.  A  couple  of  guineft- 
pigs  are  inoculated  subcntaneously  in  the  thigh  or  alxloiuen  with 
0'5  to  1  c.c,  of  the  sputum.  If  tubercle  bacilli  are  present  the 
animals  will  show  signs  of  tuberculosis  in  three  to  six  weeks  (soe 
below,  Urine). 

(b)  GabheVs  Mctliod, — Prepare  and  stain  the  speoimons  in 
carbol-fuchsin  as  in  method  (a).  Then  wash  aud  treat  with  tbo 
following  solution  for  two  to  three  minutes;  wash,  dry,  and 
mount : 

Alcohol         ,...,.     50  parts 

Water 30  parts 

Nifcrio  acid 20  parts 

Saturate  with  methylene  blue  aud  filter. 

This   solution   decolorizes    and   at  the  same   time   counter 
stains, 

II.  Tissms. — The  histological  appearance  of  the  tubercle  is 
usually  sufficient  for  diagnostic  purposes  without  the  necessity  of 
demonstrating  the  tubercle  bacilli,  which  in  many  instances 
may  be  difficult  in  human  material^  us  the  bacilli  may  be  very 
scanty,  or  practically  impossible  to  domjnstrate,  e.g.  in  lupus. 
Sbctions  should  be  prepared  eithi^r  by  tbo  free/int;j  or  the  parailiu 
method,  stained  with  htumatoxylin,  and  counttr-atained  with 
oosin,  or  orango-rubin,  or  with  the  Ehrlich-Biondi  mixture. 

In  order  to  domonstrato  tho  tubercle  bacillus  in  fresh  tissue 
smears  may  bo  made  and  atained  like  sputum,  or  sectiuns  prei>ared 
and  stained  iu  warm  carlxil-fachsin  for  about  ten  minutes.  For 
frozen  sections  the  stain  may  be  contained  in  a  watch-glass  or 
small  glass  capsule,  and  is  warmed  until  it  steams,  but  not  boiled^ 
on  a  wire-gauze  tripod  or  a  sand-bath.  Paraflin  sections  should  be 
fixed  to  the  slides  with  glycerin  albumin,  and  may  be  stained  by 
flooding  with  the  carbol-fuchsin  and  warming  on  asbestos  card* 
boafd  for  teu  minutes.  After  staining,  the  aectiona  are  washe<l  in 
water  and  are  then  decolorized  in  25  per  cent,  sulphuric  acid.  This 
takes  longer  than  with  sputum>  and  the  sections  after  being  in  the 
acid  for  a  few  seconds  are  washed  in  water  and  then  returned  to 
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tbe  acid,  and  this  alternate  rinsing  in  acid  and  in  water  is  repeated 
until  they  are  colourless  or  nearly  so  when  placed  in  water.  It  ia 
not  necessary  to  remove  the  colour  absolutely ;  a  faint  pink  remain- 
ing does  not  matter.  After  rinsing  in  fresh  water  to  remove  all  the 
acid,  the  sections  are  counter-stainod  in  Loffler's  methylene  blue 
for  two  minutes,  rinsed  in  methylated  spirit,  passed  through 
absolute  alcohol  somewhat  rapidly  to  avoid  removing  too  much  of 
the  blue,  cleared  in  cedar  oil  or  xylol,  and  mounted  in  balsam. 
The  sections  may  also  be  couutor-stained  wicb  hiemHtoxylin 
Bismarck  brown. 

Instead  of  using  the  strong  acid  solution  for  decolorizing  nn 
acid  alcohol  solution  may  be  used  with  advantage. 

Gram's  method  may  also  be  used,  but  is,  of  coarse,  noi 
distinctive  for  the  tubercle  bacillus. 

The  following  is  a  good  method  for  staining  tubercle 
sections  (Kiihne,  modified  by  Del^pine*): 

1.  The  tissues  should  be  fixed  in  corrosive  sublimate,  acidulated 
or  not,  hardened  in  alcohol,  emlieilded  in  parafiin,  and  the  sections 
fixed  on  slides  with  glycerin  albumin. 

2.  The  sections  are  stained  with  ha^matin  solution  for  ten  to 
twenty  soc:)nds  to  obtain  a  pure  nuclear  stain  (not  too  deep),  then 
washed  thoroughly  in  water. 

8.  They  ore  then  stained  with  carbol  fuchsin,  kept  at  a 
temparature  of  about  47**  C.  for  twenty  to  thirty  minutes.  The 
slides  are  during  that  time  kept  in  a  moist  chamber  to  prevent  the 
stain  from  drying  on  the  specimen. 

4.  The  stain  is  rinsed  off  with  water,  and  the  sections  are 
treated  with  2  per  cent,  watery  solution  of  hydrochloride  of  anilin 
for  a  few  seconds. 

5.  The  sections  are  then  decolorized  in  75  per  cent,  alcohol  till 
they  are  apparently  free  from  stain  ;  this  will  take  from  fifteen  to 
thirty  minutes. 

6.  They  are  then  counter-stained  with  a  solution  of  orange 
(one  part  of  saturated  watery  solution  of  orange  to  twenty  to  forty 
parts  of  50  per  cent,  alcohol),  dehydrated,  cleared,  and  mounted. 

Where  a  positive  diagnosis  is  important,  a  small  piece  of  the 
tissue  may  be  inserted  under  the  skin  of  the  thigh  or  abdomen  of 

►  See  Med.  ChrotiieU,  v.  1896,  p.  17. 
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a  guinea-pig.  U  tabercular,  the  animal  will  show  signs  of  tuber- 
culosis in  two  to  tbree  weeks  {see  below,  Urine). 

Cover-glass  flpecimens  of  pure  cuUivationa  of  the  tubercle 
bacillus  may  be  stained  in  warm  carbol-fuchsin  for  two  to  five 
minutos,  rinsed  in  the  sulphuric  or  nitric  acid  solution,  washed, 
dried,  and  mounted.  They  can  also  be  stained  by  Gram's  method, 
which  usually  brings  out  the  beaded  appearance  very  markedly. 
The  distinction  from  the  leprosy  bacillus  will  be  found  at  p.  312, 
from  the  sniograa  bacillus  and  other  acid-fast  organisms  at  p.  314. 

in,  Urin4i. — The  tubercle  bacillus  is  often  very  difficult  to 
demonstrate  in  urine.  The  urine  must  be  allowed  to  stand  in  a 
conical  glosa  for  twenty-four  hours  or  cenlrifugalizefl,  and  cover* 
glass  specimens  prepared  with  the  sediment  and  trejited  by  one  of 
the  methods  for  sputum  given  above.  Several  specimens  should 
be  made  and  must  be  very  carefully  examined.  It  is  important  to 
exclude  the  smegma  bacillus,  and  the  urine  is  preferably  drawn  off 
by  a  catheter.  Staining  may  be  carried  out  by  Housell's  method^ 
by  which  the  smegma  bacillus  is  decolorized,  viz.  after  staining 
in  warm  carbol-fuchsin  the  specimen  is  washed  and  dried.  It  ia 
then  immersed  in  acid  alcohol  (3  per  cent,  hydrochloric)  for  ton 
minutes,  washed  in  water,  counter- stained  for  a  few  seconds  in  a 
saturated  alcoholic  solution  nf  methylene  blue,  washed,  dried,  and 
mounted  (se*^  also  p.  816). 

If  a  diagnosis  ia  nf  importance,  inoculation  should  be  resorted 
to.  Two  guinea-pigs  are  inoculated  Rubcutaneously  in  the  thigh 
or  abdomen  with  0*5  to  1  c.c.  of  the  deposit  from  the  sedimented 
or  centrifugalized  urine,  or  one  may  be  inoculatexl  subcutaneously, 
the  other  intraperitoneally.  If  tubercle  bacilli  are  present  the 
animals  may  show  signs  of  tuberculosis  as  early  as  two  to  three 
weeks  after  inoculation.  DelL>pine  '  recommends  the  iuoculations 
to  be  made  on  the  inner  aspect  of  the  leg  about  the  level  of  the 
knee.  The  order  of  infection  after  inoculation  is  as  follows :  the 
popliteal,  superficial  and  deep  inguinal,  and  sublumbar  glands,  the 
retrohepatic,  mediastinal  and  bronchial,  deep  cervical,  and  sub- 
scapular glands,  the   spleen,  liver,  and   lungs.     The  inoculated 

'  Brit.  Med.  Jourii.  1893,  ii.  p.  0*14.  Tho  results  onlj-  apply  to  ordinary 
torma  of  tuberculosis,  and  not  to  certain  xnodiHed  forms  such  ae  lupns  and 
the  avian  variety. 
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animals  are  kilted  in  twu  to  three  weeks,  dissected,  and  the 
lesions  examined  microscopically.  Others  inoculate  two  guinea- 
pigs,  one  aubcutaneously  in  the  abdomen,  the  other  intrni>eri- 
toneally.  Negative  results  are  nearly  as  valuable  as  positive 
ones. 

lu/ceceSf  it  is  not  much  use  looking;  for  tubercle  ImciUi  unloss 
definite  yellow  caneous  particles  can  be  foumK  Those  tshould  be 
picked  out,  and  films  made  and  stained. 

IV.  Milk.—HGQ  section  on  Milk  (Chapter  XXI.). 

V.  Agylniinaiion  Ucaction. — The  method  of  agglutination 
has  beon  proposed  by  Arloing  and  Cnurmont  for  tho  diagnosis  of 
tuberculosis.'  A  special  method  has  to  be  employed  to  obtain 
bomogeneous  cultures  of  the  tubercle  bacillus.  A  number  of 
glycerinat<>d  potato  cultures  of  the  tubercle  bacillus  are  prepared 
and  incubated  at  SH^-BO**  C. ;  in  a  few,  colonies  develop  having 
a  fatty  and  shining  appearance.  These  are  picked  out,  sown 
in  glycerin  broth  ((>  per  cent.),  and  the  broth  cultures  are 
incubated  at  88°-89°  C,  being  well  shaken  several  times  every 
day  ;  in  a  few  the  bacilli  develop  in  an  isolated  manner,  and 
these  tubes  are  selected  and  kept  for  re-inoculating  other  glycerin 
broth  tubes  which  are  used  in  performing  the  test.  The  fiat  flasks 
(fig.  S7)  are  better  than  tubea  for  obtaining  satisfactory  cultures. 
The  cultures  employed  are  preferably  eight  to  twelve  days  old. 
For  carryint^  out  the  reaction  email  sterile  test-tubes  are  employed. 
For  each  test  three  dilutions  of  the  senim  are  made,  a  1  in  6,  a 
1  in  10,  and  a  1  in  20,  and  the  tubes  filled  with  these  dilutions  are 
allowed  to  stand  in  an  inclined  position  (45°)  for  five  to  ten  hours  ; 
the  reaction  may  be  observed  both  microscopically  and  macro- 
scopically.  In  man  the  serum  of  normal  individuals  may  aggluti- 
nate up  to  a  dilution  of  1  in  6,  while  in  animals  this  is  variable — 
imperceptible  in  the  guinea-pig,  rabbitj  and  calf ;  feeble  in  the 
goat ;  in  the  adult  ox  up  to  1  in  6,  but  in  the  dog  it  may  be  up  to 
1  in  10  or  even  1  in  20. 

A  positive  serum  reaction  in  a  suspected  subject  is  a  sign 
of  great  value  in  establishing  the  diagnosis  ;  a  negative  serum 
reaction  is  of  less  value.  The  teohnicjue,  however,  is  difticult, 
and  the  test  has  not  been  much  used  for  clinical  purposes. 


'  ZeilscJir.f.  Tub*  u.  HeilstattenwfSfn,  f.  p.  U. 


20 


MANUAL   OF   IIACTERIOLOGY 


Koch  '  uses  a  driod  culturo  of  the  tnborcle  baciUuB,  pulvorizoa 
it,  and  iiiixeR  n  weighed  quantity  of  the  powder  with  1000  times 
Ha  weight  of  tlie  foUowing  fluid  :  0*85  per  cent,  salt  solution 
containing  0'5  per  cent,  carbolic  acid.  A  tenlold  dilution  of  the 
serum  is  employed. 

VI.  The  Opsonic  Method. — The  opsonic  method  has  recently 
been  much  used.  The  general  mode  of  carryinff  it  out  is  that 
detailed  at  p.  192.  But  the  tubercle  bacilli  used  for  phagocytosis 
should  be  suspended  in  1*5  percent,  salt  solution.  Appropriate 
preparations  of  killed  l»acllU  can  be  purchased  ;  a  [larticlo  the 
8i/,e  of  a  large  pin's  head  is  taken  and  ground  up  in  au  agate 
mortar  with  a  drop  of  tlin  salt  solution.  The  grinding  is  oon- 
tinui'd,  with  Iho  mlditiuu  oC  drops  of  salt  solution  from  time  to 
time,  until  a  thin  opalescent  suspension  has  iMHin  prepared. 
This  is  allowed  t>  sediment  for  half  an  hour,  or  is  centrifugalized 
for  2-3  minutes,  to  deposit  clumps.  The  lilms  aro  best  stained 
in  an  excess  of  carbol-fnchsin  in  the  warm  incubator  for  B:.rae 
hours f  and  then  docolori/.ed  in  6  per  cpnt.  snlphnric  acid  or  in 
acid  alcohol ;  stronger  acid  tonds  to  diaintegrat-e  the  leucocytes. 

VII.  The  Tuberculin  licactum. — The  old  tuberculin  is  used 
for  diagnostic  purposes  ;  it  is  not  perhaps  very  safe.  A  dose  of 
0*002  c.c.  is  injected  subcutaneously,  and  the  temperature  taken 
four-hourly  during  the  succeeding  thirty-six  hours.  A  rise  of 
2°-8'  F.  or  more  ensues  a  few  hours  after  injection  in  tuberculous 
subjects.  If  no  reaction  occurs,  another  dose  of  0*005  c.c.  may 
be  given  after  the  lapse  of  some  days. 

This  method  has  now  almost  completely  been  superseded  by 
the  cutaneous  or  ophthalmo-reaction. 

Th^  GiUdueGus  Tuhcrcuiin  Eeactiwi. — Von  Pirquet'  discovered 
that  when  tuberculin  is  introduced  into  the  superficial  layers  of 
the  skin  of  tuberculous  individuals^  as  in  vaccination,  a  reaction 
occurs  consisting  of  the  formation  of  a  papule  with  redness,  slight 
swelling  and  exudation,  and  sometimes  small  vasicles.  This  reac- 
tion is  usually  at  its  height  twenty-four  to  forty  eight  hours  after 
inoculation.  In  healthy  mdividuals  no  reaction  follows  the  in- 
oculation.    The  method  ia  to  scarify  a  small  spot  on  the  forearm 

'  See  Lomet.  1901,  ii.  p.  170-1. 
'  ^y^en,  Med.  Woch.  July  6.  1907. 
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througb  n,  rlrop  of  a  dilution  of  the  old  tuberculin,  and  protect 
the  patch  with  a  simple  dry  dressing. 

The  Ophthalmo-Tnhcrculm  Ecaction. — Calmette  has  trans- 
ferred the  site  of  inoculation  from  the  skin  to  the  conjunctiva. 
He  makes  use  of  a  driod  preparation  prepared  by  procipitating 
the  old  tuberculin  with  alcohol,  of  which  a  1-100  solution  is 
prepared  in  distilled  water.  One  drop  of  this  is  instilled  into  the 
inner  half  of  the  conjauctivn  of  one  eye.  In  tuberculous  individuals 
a  reaction  follows,  usually  in  six  to  sixteen  hours  aft«r  medication, 
consisting  of  a  conjunctivitis,  ranging  in  intensity  from  a  local 
zedness  to  a  redness  extending  over  the  whulo  eye  and  having  the 
ftppear&nce  of  an  acute  conjuncti\'itis.  The  reaction  soon  passes 
ofif  without  leaving  ill  effect.  On  the  whole,  the  reaction  appears 
to  be  fairly  constant  in  tuberculous  individuals,  but  absence  of 
reaction  is  not  certain  proof  that  the  case  is  not  tuberculous.^ 

Vm.  Tuberculin  for  Vcteritiari/  Use. — In  veterinary  practice 
fcnberculin  is  extensively  used  for  the  diagnosis  of  the  disease  in 
cattle.  The  dose  of  the  various  preparations  in  the  niarkot 
varies  according  to  their  strength;  it  corresponds  to  O'l  c.c.  or 
0'2  c.c.  of  Koch's  original  tuberculin, 

(a)  The  dose  is  injected  subcutaneously  in  the  neck. 

{b)  If  possible  the  temperature  of  the  animal  should  be 
taken  morning  and  evening  for  two  or  three  days  previous  to 
inoculation. 

(c)  Tlio  temperature  should  be  ttiken  immediately  previous  to 
inoculation. 

{fl)  The  temperature  should  be  taken  at  the  twentieth  hour 
after  injection,  or,  where  it  can  be  done,  at  fret^uent  intervals  from 
the  twelfth  to  the  twentieth  hour. 

(e)  The  reaction  consists  of  a  rise  of  temperature  of  1'5^  to 
6*^  F.  above  the  average  normal,  occurring  eight  to  twelve  hours 
after  injection,  and  lasting  twelve  to  fourteen  hours,  accompanied 
by  some  systemic  disturbance. 

(/)  A  healthy  animal  is  unaffected  by  the  injection^  and  if 
an  animal  be  very  extensively  affected  with  tuberculosis  the 
reaction  may  not  be  given,  or  may  be  masked  by  the  febrile 
condition  present. 

*  See  articles  iu  Brit.  Med.  Jourti.  and  Lancet,  1907,  U.,  and  1908, 1. 
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Joftne's  Disrabb. 

Johno'a  diaeaso,"  a  bovino  onteritis,  is  due  to  an  acid-fast 
bacillus  closely  resembling  the  tubercle  bacillus  in  morphology. 
It  occurs  in  scrapings  of  the  afiected  mucous  im^mbmnc'  of  the 
bowel,  and  also  in  soctions  of  the  intestinal  wall.  The  Johns 
bacillus  has  not  boen  cultivated,  and  is  not  inocnlable  into  the 
guinea-pig  or  rabbit. 

pBEUDO-TlTBERCULOaiB. 

The  torm  '  PHoiulo-TubetvubiBiH  *  (which  is  not  a  f^ood 
one  and  should  be  discarded)  has  been  applied  to  a  number 
of  different  c-onditions  which  have  aa  a  common  character 
the  presence  of  tubercle-like  nodules,  but  which  are  not 
caused  by  the  tubercle  bacillus.  Such  arc  produced  by 
certain  parasitic  worms,  by  Blastamycetes,  Strvptothrix 
and  A.'ijiCf'ffillti.t,  Protozoa,  and  by  several  bacteria.' 

Pfeiffer'fi  Bacillus  pseudo-tubefculosis  produces  nodu- 
lar deposits  in  the  organs,  accompanied  by  wasting,  very 
like  true  tuberculosis.  The  disease,  however,  runs  a 
more  rapid  course,  death  ensuing  in  the  guinea-pig  two 
to  three  weeks  after  inoculation.  Guinea-pigs,  rabbits^ 
mice,  and  monkeys  can  be  readily  infected.  The  nodules 
consist  of  masses  of  round  cells  whicli  undergo  necrosis 
and  caseation.  The  bacillus  in  the  tissues  is  not  readily 
stained,  carbol-melhylene  bltip  being  tho  best  Holiition^ 
as  it  is  not  acid-fast,  nor  does  it  stain  by  Gram's  method. 
Morphologically  it  ts  a  small  rod  1-2/*  in  length,  usually 
non-molile,  althouglt  it  possesses  a  single  flagcdhun  or  two 
rtagclla  at  one  end/'  On  gelatin  it  forms  a  whitish  growth 
without  liquefaction,  like  that  of  the  colon  bacillus  but  con- 
fined to  the  needle-track.     It  produces  alkali,  forms  no  gas, 

'  See  McFftdyeftn,  Journ.  Coinp.  Path,  mui  Thtmp.  xx.,  1907,  p.  4S. 
*  See  CcntT.  /.   /?rt^(.  xv.,  1894,  p.  501,  imil    Trans.  I'atlt.  Stx.  Lond. 
1.  1M9I).  pp.  331-364.     (Bibliog.) 

'  Klein,  Rep.  Med.  Of.  Loc.  Gov.  Board  for  18911-1900.  p.  366. 
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und  does  not  curdle  milk.  Broth  remains  clear,  with  a 
whitish  stringy  flocculent  deposit.  It  grows  readily  and 
nipicUy. 

MacConkey  has  found  that  the  fermentation  reactions 
of  this  organism  and  of  the  plague  bacillus  are  practically 
identical  (see  'Plague'),  and  Bterilieed  cultures  of  either 
will  protect  against  the  other. 

Ovino  caseous  lymphadenitis,  a  disease  of  sheep  simula- 
ting tuberculosis,  is  due  to  a  short  plump  bacLUuB  with 
rounded  ends  which  Blains  well  by  Gram's  method,  and 
grows  best  on  blood  serum,  ou  which  it  forms  greyish 
colonies.^ 

LEPttOSV. 

Leprosy,  the  Elephantiasis  Gra?corum  or  true  Elephanti- 
asis, is  a  disease  which  has  existed  and  has  been  recognized 
from  the  earliest  times  among  the  Egyptians,  Jews,  Greeks, 
and  Romans.  It  was  undoubtedly  somewhat  prevalent  in 
the  British  Isles  from  the  twelfth  to  the  fifteenth  centuries, 
as  the  many  leper  houses  and  enactments  against  lepers 
testify.  At  the  same  time,  no  doubt  a  number  of  other 
skin  diseases,  syphilides,  psoriasis,  lupus,  *i:c.,  were  at  that 
early  period  of  medical  diagnosis  confounded  with  it.  In 
the  present  day  leprosy,  although  extinct  in  the  British  Isles, 
may  be  said  to  have  a  world-wide  distribution,  for  it  is  met 
with  in  Iceland  and  Scandinavia,  Russia  and  the  Mediter- 
ranean coasts  ;  in  Persia,  India,  China,  Siberia,  and  Japan  ; 
in  Africa  from  north  to  south,  in  the  American  continent 
in  many  districts,  and  also  in  the  Pacific  Islands.  Three 
varieties  of  leprosy  are  described — the  tuberculated  or 
nodular,  the  anicsthetie,  and  the  mixed. 

The  mode  of  spread  is  probably  by  personal  contact, 
possibly  insects  play  some  part.  J,  Hutchinson  supposes 
that  fish  in  the  diet,  particularly  if  stale,  decomposed,  or 

'  SixUenih  Ann,  Hep.  Bureau  of  Animal  Induai.  L\^.A,p.  038. 
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red,  in  some  way  ia  a  caUBative  factor,  bat  he  is 
ly  alone  in  this  view. 

Ligbout   ancient   and   medieval  times  leprosy  was 
>d  to  be  a  contagious  and  communicable  disease,  as 
he  atringent  regulationa  in  the  Mosaic  and  other 

the  segregation   of  lepetB,  and  modern  reeearch 

bear  this  out,  additional  confirmation  being  given 
the   presence   o£   a    bacillus  with   very  distinct 
rs  in  the  leprous  lesions. 
Bacillus  lepr^  was  discovered  by  Hansen  in  1879. 

it  resembles  the  tubercle  bacillus,  but  ia  slightly 
[idcr  ;  it  probably  does  not  form  aporca,  though  in 
preparations  the  same  irregularity  in  staining — 
thfi  occurrence  of  unstained  mtervals,  the  ao-calicd 
*/ — is  met  with  as  in  the  tubercle  bacilludj  and  in 

by  some  to  he  due  to  the  presence  of  sporcB.     The 
1  at^  obtained  from  the  tissues  is  non-motile,  stains 
fitli  the  ordinary  anilin  dyes,  and  by  Grum's  method, 

PLATK    IX. 
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Beems  to  be  nsnallj  the  case.'  Giant  cells  are  occasionallj 
present  in  the  leprous  nodules.  One  of  the  most  constant 
and  earliest  situations  in  which  the  B,  lepnt  is  found  is  the 
nasal  mucus. 

Curiously  enough,  although  the  organism  is  present  in 
such  enormous  numbers  and  is  so  readily  demonstrable, 
there  is  considerable  doubt  whether  it  has  been  cultivated 
on  artificial  media  or  successfully  inoculated  into  animals. 
Bordoni-U&eduzzi  isolated  an  organism  from  the  bone- 
marrow  of  a  leper  and  cultivated  it  on  blood  serum  which 
IKWsessod  the  same  staining  reaction  as  the  Bacillus  leprce^ 
but  differed  from  it  slightly  morphologically,  being  a  little 
longer  and  thicker  ;  and  Campania  described  its  cultivation 
anaerobically  ;  but  most  attempts  have  failed.' 

Van  Houten  ^  claimed  to  have  succeeded  by  cultivating 
in  glycerin  fish  broth.  The  bacillus  cultivated  was  acid- 
fast,  and  agglutinated  with,  and  was  sensitised  by,  lepers* 
serum. 

Rost  believed  he  had  succeeded  in  cultivating  the 
B,  lepra:  in  a  salt-free  medium,  but  subsequent  investigation 
has  not  confirmed  his  results. 

Deycke,^  by  taking  fragments  of  leprosy  tissue  and  in- 
cubating for  several  weeks  in  physiological  salt  solution  at 
37°  C.  has  obtained  a  growth  of  an  acid-fast  streptothrix, 
S.  leproides.  He  is  uncertain  if  this  is  a  true  growth  of 
the  leprosy  bacillus.  Injected  into  leprosy  patients  it 
seemed  to  produce  a  beneficial  effect.  The  acid -fast  pro- 
perty resides  in  a  fatty  substtince  which  can  be  extract-ed 
with  solvents,  particularly  Imnzoyl  chloride.  The  fatty 
substance  Deycke  terms  '  nastin  * ;  it  is  a  neutral  fat,  the 


*  8ee  Bergengrun  and  Kantback,  Trans.  Path.  Soc,  Lond,  xlLx.,  169t). 
p.  336. 

*  See  Cmtr.  f.  Bakt,  xx?.,  1899,  p.  756. 

*  Joum.  Path,  and  Daci.  viii.,  1903.  p.  260. 

*  BriL  Med.  Jvum.  1908.  i.  p.  803. 
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glycerin  ester  of  a  fatty  acid  of  liigh  molecular  weight. 
Injected  into  leprosy  patients  it  sonietimes  produces  marked 
reaction,  sumetiines  not.  In  solution  in  benzoyl  chloride 
it  is  much  more  active  and  Deycke  hopes  that  it  will  act  as 
a  curative  vaccine  in  leprosj'. 

A  certain  number  of  positive  results  of  the  inoculation 
of  leprous  material  into  the  lower  animals  have  been 
reported  by  Ortmann  and  others.  NicoUe^  has  reported 
the  HuccasHfuI  inoculation  of  a  macaque  monkey,  but  most 
of  the  attempts  have  ended  in  failure ;  while  the  positive 
results  are  iji>en  to  criticism  and  may  be  fallacious,  for 
lepers  nut  unfrequently  sulfer  from  coincident  tuberculosis, 
and  the  animals  therefore  may  have  been  infected  with 
and  have  died  from  tuberculosis.  The  local  lesion  induced 
in  animals  may  be  simply  iniiammatory  produced  by  the 
leprous  material  acting  as  a  foreign  body  and  the  bacilli 
may  be  diffused  without  proliferating.  Human  bemgs  have 
also  been  inoculated,  but  tJie  positive  results  are  all  open 
to  objection. 

The  differentiation  of  leprosy  from  tuberculosis,  although 
the  bacilli  are  so  similar,  does  not  in  the  majority  of  cases 
present  much  difSculty,  The  large  number  of  bacilli  present 
in  the  skin  and  in  the  leprous  lesions  elsewhere  forms  a 
marked  distinction  from  tuberculosis,  while  the  BaciUus 
leprae  stains  more  readily,  and  with  watery  solutions  in  a 
shorter  time,  than  does  the  BaciUus  tuberculosis,  though 
this  distinction  is  hardly  marked  enough  for  diagnostic 
purposes. 

Cases  of  leprosy,  both  of  the  nodular  and  anaesthetic 
varieties,  have  been  treated  with  injeclioua  of  Koch's 
tuberculin,  which  has  been  found  to  produce  a  certain 
amount  of  reaction  followed  by  some  amelioration  in  their 
condition.  Boat  also  used  '  leprolin  *  with  benefit  (a  boiled 
and  concentrated  extract  of  his  supposed  cultures). 

■  Comp.  Btnd,  Acad.  Sc  1906. 
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Dean  '  and  others  have  met  with  a  lepraay-like  diseuso  in  tho 
rat.  Nodules  are  found  in  the  tissues  which  contain  larjjo 
nurabeis  of  an  acid-fast  baciUus  clofioly  respmblin^  thfi  Ji.  lepra. 
The  organism  could  not  be  cultivated.  Inoculated  into  rats  it 
reproduced  the  disease  after  some  months,  but  had  no  effect  on 
guinea-pigs. 

Clinical  Examination. 

1.  If  cutaneous  nodulea  be  present,  one  is  clamped,  pricked, 
and  cover-glass  specimens  are  prepared  with  the  juice  that  exudes 
and  stained  as  for  tubercle.  Large  numbers  of  bacilli,  having  the 
same  staining  reaction  as  the  tubercle  bacillus  and  obtained  from 
the  cutaneous  structures,  are  diagnostic  of  leprosy  (the  smegma 
bacillus  may  be  present  o/i,  but  not  /«»  the  skin). 

2.  In  the  tissues  the  diagnosis  must  be  based  on  the  presence 
of  the  bacilli  in  large  numbers  in  the  KO-called  leprosy  cellH. 

Tissue  sections  are  stained  in  tho  Harae  manner  as  luberculous 
materiiil. 

3.  Leprosy  ia  not  inoculable  in  guinea-pigs. 

N.B. — It  must  be  remembered  that  lepers  not  unfrequently 
suffer  from  tuberculosis. 

4.  The  differentiation  of  the  leprosy  from  the  tubercle  bacillus 
by  staining  methods  cannot  be  said  to  be  satisfactory.  By  stain- 
ing in  a  saturated  aqueouH  solution  of  fuchsin  in  tho  cold  for  five 
to  seven  minutes,  and  subsequently  decolorizing  with  acid  alcohol 
(nitric  acid  1  part,  alcohol  10  parts),  it  is  stated  that  the  leprosy 
bacillus  is  stained,  the  tubercle  bacillus  not.- 

The   SAfEtiMA  Bacillus.^ 

The  )  megma  bacillus  is  an  organism  found  in  the 
Bmegma  prieputii,  between  the  scrotum  and  thigh,  and 
between  the  labia.  It  also  occurs  in  the  cerumen,  occa- 
Bionally  on  the  skin,  and  posHibly  in  the  sputum. 

'  Journ,  of  Byg.  ▼.,  1905.  p.  90. 

«  Bee  Centr,/.  Bakt.  xxv.,  18&i),  p.  7(J2. 

*  8ee  Czaplewski,  Mihich.  Med.  Woch.  1897.  No.  43;  Griinbaam,  Lancet, 
1897.  i. ;  Neufeld,  Arch.  f.  Hygiene,  xxxix.  p.  184  ;  /icitsehr.  /.  Hyg,  zxziL, 
1901;  and  Moeller,  Ct^ntr.f.  Bakt.  jlxxu,  1902  (Oiiginale),  p.  278. 
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It  is  a  small  bacillus  resembling  the  tubercle  baeiliuB  in 
size  and  appearance,  and,  like  the  latter,  is  difficult  to  stain, 
but  when  Htained  with  carbol-fuchsin  retains  the  colour  after 
treatment  with  a  25  per  cent,  mineral  acid  (Plate  IX.,  b) ; 
it  in  hIbo  Gram-j>ositive.  It  has,  therefore,  to  l>e  distinguished 
from  the  tubercle  bacillus  in  certain  localities,  viz.  In  urine 
and  about  the  external  genitnls.  It  is  non-inoculable  on 
animals  and  does  not  usually  grow  in  primary  cultures  on 
ordinary  media,  but  can  be  isolated  by  the  use  of  blood-, 
serum-,  or  nutrose-agar  on  which  it  forms  delicate,  ropy 
eoloniea.  After  isolation  it  grows  freely  on  agar  as  a  thin, 
slightly  brownish,  creamy  layer,  in  which  the  baciUi  may 
be  very  short  but  retain  their  acid-fast  properties,  on 
potato  it  forms  minute  (0-5-1  mm.)  greyish  colonies.  It  has 
been  suggested  that  the  syphilis  bacillus  of  Lustgarten  is 
identical  with  the  smegma  bacillus ;  neither  is  decolorized 
by  Luatgarton's  permangauLite  method  (see  *  Syphilis  *),  but 
while  the  smegma  bacillus  after  stahiing  is  with  difficulty 
decolorized  by  acid,  and  is  easily  decolorized  by  alcohol,  the 
reverse  is  the  case  with  Lustgarten's  bacillus. 

Staining  and  Differentution. 

Cover-glass  specimens  of  smegma  may  be  stained  in  exactly 
the  same  macnor  as  for  tubercle,  after  treating  the  preparations 
with  other  to  get  rid  of  fatty  material. 

The  urine  should  be  drawn  off  with  a  catheter  when  it  is  to 
he  exftniined  for  the  tubercle  bacillus  ;  this  will  generally  exclude 
the  sniBgma  bacillus.  Youug  and  Churchmuu  '  concludo  that 
the  smegma  bacillus  is  a  scant  invader  of  the  male  urt^tbra,  and 
that  by  washing  the  glans  and  irrigation  of  the  urethra  it  may  be 
eliminated  from  the  urine. 

If  there  is  reason  to  suspect  the  presence  of  the  smegma 
bacillus   when   staining   for   tubercle,   Bunge   and   Tranteroth  * 


'  John  Hopkins  Hospital  i^ep.xiii..  1906,  p.  15. 
*  Fortschtit.  der  Med.  xiv.,  1896,  Nos.  23  and  24. 
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recommond  thftfc  the  cover-glass  speciraena  should  be  treated  as 

follows : 

1.  Immerse  in  absolute  alcohol  for  three  hours. 

2.  Immerse  in  6  per  cent,  chromic  add  for  fifteen  minutes. 
8.  Stain  in  warm  carhol-fuchain. 

i.  Decolorize  in  25  per  cent,  sulphuric  acid  for  two  to  throe 
minutes. 

5.  Countor-stiiin  in  a  concentrated  alcoholic  solution  of 
methylene  blue  for  live  miniitca. 

The  smegma  baciUua  will  be  decolorized  by  this  method 
(see  also  p.  804). 

Coles  recommends  (Jounial  of  State  Medicine,  xu,, 
1904,  p.  225)  the  following  staining  method : 

1.  Spread  thin  and  even  films  on  slides,  and  fix  by  heat  in 
the  ordinary  way. 

2.  While  atill  warm  from  the  heat  fixation  flood  with  filtered 
carbolCuchsin,  and  allow  the  preparation  to  remain  for  half  a 
minute.  Again  warm  for  a  few  Heconds  over  the  tlumo  without 
actual  boiling.     Allow  it  to  stand  and  stain  for  seven  minutes, 

3.  Wash  thoroughly  in  running  water,  and  then  decolorize 
in  either  of  the  following  solutions  : 

(a)  In  Pappenheim's  solution.'^  Place  the  preparation  in  a 
wide-mouthed  bottle  containing  the  solution  for  not  leas  than 
four  and  not  longer  than  twelve  hours.  Wash,  dry,  and  mount. 
Tubercle  bacilli  are  the  only  organisms  stained  red. 

(h)  In  Pappenh^im's  solution  xvithoiU  viethylene  blue.  Pro- 
ceed as  in  (tt) ;  wash  in  water  and  countor-atain  for  a  minute  in 
weak  atjueous  methylene  blue  solution.  The  tubercle  bacilli  are 
brilliantly  red, 

(c)  In  25  p$r  cent,  sulphuric  acid.  Pour  on  a  few  drops  of 
the  acid  and  allow  it  to  act  for  half  a  minute.  Pour  off,  and  then 
place  the  preparation  in  a  wide-mouthed  bottle  containing  the 

'  Pappen)mm*s  solution  consists  of  1  pari  o(  corallin  (roaolic  acid)  hi 
100  parts  of  absolute  ulcohol.  to  which  raelliylene  blue  is  added  to  satara- 
tion  ;  20  purts  (if  glycvrin  iire  thon  added. 
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aotd  for  not  less  than  sixteen  hours  and  not  more  than  twenty- 
four  houra.  Wash  thoroughly,  counter-stain  with  weak  aqueous 
methylene  blue.  Tubercle  bacilli  are  the  only  bacilli  which  retain 
the  red. 

Acid-fast  Bacilli  in  Milk  and  Butler, — Numerous  acid-fast 
bacilli  have  been  obtained  from  milk  aud  butter.  They  usually 
grow  freely  and  quickly  on  agar  and  on  gelatin  without  li([ui.'[ao- 
tion,  soraetimca  as  a  creamy  layer,  aomt;timcs  as  a  dry  crinkled 
film,  which  may  be  pij^monted  (yellow,  orange,  pale  brown,  or 
brick  reel).  Some  are  pathogenic  to  guinea-piga  by  massive 
intra-perituneal  inoculation  only,  producing  a  plastic  peritonitis, 
but  not  nodules  in  the  organs.  In  culture,  the  bacilli  are  acid- 
fast,  and  occasionally  resemble  B,  lubcrculosiSj  but  are  generally 
thicker.  {See  Petri,  Arb.  a.  d.  Eats.  GesunhciUamtet  xiv.,  1897 ; 
Rabinowitsch,  Zciischr,  /.  Hyg,  xxvi.,  1897 ;  Grassberger, 
Mibich.  med.  Woch,  1899,  Nos.  11  and  12;  Tobler,  ib.  xxxvi. ; 
Swithinbank  and  Newman,  Bacicrioloijij  of  Milk  (Murray,  1903). 

Grass  Bacilli  and  Mist  Bacillus, — Moeller  isolnteil  from  a 
grass  (Phlcum  arvcnse)  an  acid-faat  bacillus  which  ho  termed  the 
Timothy-grass  bacillus  ;  other  grasses  also  yield  acid-fast  tiacilli 
(Grasa  Bacillus  II.).  They  grow  rt^adily  on  culture  media,  and 
are  not  so  acid-fast  as  the  tubercle  bacillus.  The  Mist  bacillus 
was  isolated  from  dung,  and  is-  considered  by  Pettersson  to  be 
identical  with  the  Timothy-grass  bacillus.  (See  Moeller,  Dcutsch, 
Med.  Woch,  iy9H,  p.  876 ;  Herr,  ZciUchr,  /.  Eyg,  xxxviii., 
1901 ;  Pettersson,  BcrL  Klin.  Woch,  1899,  p.  562.) 

Glanuers.^ 

Glanders  is  a  disetise  which  has  been  known  from  the 
earliest  times,  being  recognixed  by  the  Greek  aud  Roman 
writers,  by  whom  it  wa»  termed  /luXts  and  mallcua  respec- 
tively. It  is  distini^tiy  ti  diseuHe  of  the  horse,  mule,  and 
ass,  but  is  also  communicable  to  man  and  to  certain  other 
animalB.  It  in  caused  by  a  small  bacillus  discoverod  bj 
Loffler  and  Schiitz  in  1882. 

■  See  McFudyeun,  Joum.  of  State  Med.  uii.,  1905,  pp.  1,  tid.  aiid  136. 
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In  the  horse  the  lungs  are  always  affected,  and  fre- 
quently the  nasal  mucous  membrane  (fig.  30).  Nodules 
form  which  afterwards  break  down  and  ulcerate,  and  a 
muco-purulent  discharge  api)ear8  ;  in  the  older  writings 
the  name  *  glanders '  covered  only  these  advanced  cases  of 
the  disease.     In  *  farcy '  the  lymphatic  vessels  and  glands 


Fin.    ild.^N'ASAI.    SkITUM    of    Gi-\M'EKFI»    HoBSE,    8II0WIS«i 
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are  affected,  the  enlarged  glands  being  known  as  'farcy 
buds' (fig.  40). 

In  man  the  disease  is  rare,  an  average  of  foor  deaths 
per  annum  being  caused  by  it  in  this  country.  It  occurs 
in  two  forms — the  acute  and  the  chronic.  The  former 
is  a  very  serious  affection  accompanied  by  high  fever» 
prostration,  and  delirium,  and  almost  invariably  fatal  in 
from  two  to  three  weeks.  The  seat  of  infection  is  usually 
the  hand  or  arm,  the  nasal  mucous  membrane  being  some- 
times subsequently  involved,  and  deposits  may  form  in  the 
lymphatic  glands,  internal  organs,  and  mascles.  In  the 
chronic  form  mti-amuscular  abscesses  are  frequent,  from 
the  breaking  down  of  which  indolent  ulcers  may  result. 


iu..  iJ,     lluiitiE  Art'ECTEif  WITH  F.\ncY  (Mcl' a'i,vi:a-n). 


stage  an  eruption  may  develop  on  the  forehead  and  face 
fiiniLilating  very  closely  that  of  small-pox. 

The  GiiANDKHS  BACiLi.rfi. 

The  glanders  haeillus  (B,  mallei)  is  an  obligatory  parasite 
with  the  equine  species  for  its  normal  host.  It  hardly 
grows  on  artificial  media  Lelow  about  *20"  C,  and  probably 
cannot  maintain  a  saprophytic  existence  outside  the  animal 
body. 

Morphology. — The  glanders  bacillus  occurs  in  the 
tissuea  as  a  cylindrical  rod  with  rounded  endw,  varying 
between  2  and  5  /i  in  length,  and  generally  straight,  though 
sometimes  slightly  curved.  The  bacilli  are  usually  irregu- 
larly scattered,  and  do  not  tend  to  form  colonies.  In 
stained  preparations  they  often  appear  more  or  less  beaded, 
or  may  exhibit  bipolar  staining,  but  some  stam  uniformly. 
The  bitcilli  from  young  cultures  not  more  than  twenty-four 
hours  old  are  almost  always  short  rods,  a  little  thicker  than 
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those  found  in  the  lesions  (Plate  X.,  a).  In  old  broth 
cultures  the  surface  growth  is  largely  composed  of  filaments, 
whiuh  do  not  show  any  regular  segmentation  hut  may 
exhibit  lateral  branching,  and  may  havo  rlub-shaped 
extremities.  From  these  features  some  have  inferred  that 
the  glanders  organism  is  related  to  ihe  A ctinomfjrefj  group. 
The  bacillus  does  not  form  spores  and  is  probably  non- 
motile,  though  in  a  hanging-drop  cultivation  made  from 
a  pure  culture  an  extraordinarily  active  Brownian  move- 
ment is  observed. 

Staining  Heaetiom, — The  bacillus  is  Gram -negative, 
and  is  not  acid-fast,  but  from  young  cultures  stains  readily 
with  the  ordinary  anilin  dyes.  In  smears  of  glanders  or 
farcy  material,  a  simple  staining  with  any  of  the  basic  anilin 
dyes,  with  subsequent  decolorization  with  dilute  acetic  acid, 
suffices  to  demonstrate  it  if  it  is  present  in  any  number 
(which  is  frequently  not  the  case),  the  only  difticulty  in 
recognizing  the  organism  being  the  presence  of  deeply 
staining  nuclear  detritus.  In  sections,  methylene-blue 
staining  with  decolorization  in  dilute  acetic  and  mordant- 
ing with  tannin  gives  the  best  results  (p.  325).  The 
bacillus  shows  dark  staining  dots  when  treated  with  osmic 
acid,  suggesting  fat  globules  (Shattock). 

Cultural  Characters, — Th^Bacillus  mallciin  an  aerobic 
and  facultatively  anaerobic  organism.  It  grows  but  Blightly 
on  gelatin  at  22^  C,  what  growth  there  is  being  pale 
brownish  and  without  liquefaction.  On  glycerin  agar 
it  fonns  a  thick  cream-  or  slightly  brown-coloured  growth, 
and  on  blood  serum  a  somewhat  ambcr-colourcd  growth 
which  afterwards  becomes  brownish.  The  growth  on 
potato  at  37''  C.  is  most  characteristic  and  practically 
diagnostic.  If  the  surface  of  the  potato  is  inoculated 
with  a  loopful  of  farcy  pus  or  material  from  the  centre  of 
a  glanders  nodule,  tlie  resulting  growtli  is  usually  not 
distinctly  visible  until  the  third  day;  when  raised,  trans- 
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lucent,  viscid,  amber-eoloured  culoniea,  like  drops  of  honeyji 
appear.  With  continued  incubation  the  colonies  coalesce,,, 
the  growth  becomes  thicker  and  fawn-colonrod,  then. 
reddish  brown,  and  finally  generally  chocolate-brown.  Tbdi 
growth  is  also  odoiirlesfi,  limited  to  the  site  of  implanta- 
tion, and  doeH  not  stain  the  potato.  Broth  or  glycerin 
broth  becomes  uniformly  turbid,  and  after  a  week  or  bo 
patches  of  a  whitish  surface  scum  form,  and  after  thi*ee 
weeks  the  broth  is  nearly  covered  with  this  surface  growth, 
whioli  is  wlimy  and  easily  broken  up  on  shaking.  Broth 
cultures  give  the  indole  reaction.  Litmus  glucose  agar 
becomeH  pink.     Milk  is  not  coagulated. 

Besifttancc  to  Gcnnicidci  <(t. — The  glanders  bacillus 
is  but  little  resistant,  and  cultures  frequently  die  out  in  a 
month  or  so.  Complete  desiccation  of  nasal  discharge, 
farcy  pus,  or  bacilli  from  itnltures  at  37°  C.  is  frequently 
fatal  in  twenty-four  to  forty-eight  hours.  Young  broth 
cultures  are  soon  destroyed  by  bright  sunlight,  and  an 
exposure  of  ten  minutes  to  a  temperature  of  55"^  C.  is  fatal 
to  the  cultivated  bacilli.  A  3  per  cent,  solution  of  carbolic 
acid,  a  I  p'.r  cent.  Kolution  of  potansium  permanganate,  and 
a  1  in  5000  solution  of  corrosive  sublimate  are  fatji!  in  2-5 
minutes. 

PaihoijniicUy  <(r. — The  glanders  bacillus  varies  con- 
siderably in  virulence,  and  under  continued  cultivation 
may  become  almost  non-pathogenic. 

Glanders  is  met  with  exclusively  among  horses, 
and  mules,  and  man  in  infected  fnim  these  animals,  nearli 
all  cases  of  human  glanders  being  among  ostlers,  grooms, 
and  coachmen,  and  the  usual  mode  of  infection  is  by  farcy 
pus  or  nasal  discharge  coming  in  contact  with  a  cutaneous 
wound  or  abrasion.  A  remarkable  immunity,  however,  is 
enjoyed  by  the  slaughtcrerB  who  have  to  deal  with  the 
carcases  of  glandered  animals  and  who  might  be  supposed 
to  run  ilie  m-eatest  risk.     But  it  must  be  remembered  tliat 
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Babes  frequeutly  found  at  the  poBt  mortem  on  persons  who 
had  to  do  with  horses,  and  who  died  from  diseases  other 
than  glundefH,  eiicapsuled  i;huulerH  nodules  in  the  lungs 
ftnd  internal  organs,  suggesting  that  the  disease  may  often 
he  htttiiit  in  uiiin,  wlio  woiihl  Hppcur  to  be  relatively  in- 
susceptible, and  that  infection  may  be  possible  by  inhalation. 
In  the  horse  glanders  is  readily  transmissible  experimen- 
tally both  by  ingestion  and  by  uioculation,  and  ingestion  is 
probably  the  common  mode  of  infection  naturally,  infection 
by  inhalation  occaaionnlly  occurring.  Even  when  glanders 
bacilli  are  administered  experimentally  by  the  mouth  in  the 
horse,  the  lesions  may  be  moat  prominent  in^  or  even  be  con- 
fined to,  the  lungs.  In  the  horse,  the  disease  has  periods  of 
epidemic  prevalenco,  and  is  particularly  frequent  in  London. 
In  lb9'2  there  were  3000  equine  cases  in  Great  Britain,  in 
1908  there  were  2499  cases,  and  nearly  90  per  cent,  of  all 
cases  occur  in  the  I^letropolitau  area.  TheHe,  it  is  to  be 
noted,  were  cases  in  which  the  disease  was  well  developed 
and  manifest,  but  there  are  also  numerous  others  in  which 
it  is  latent.  Ciuinea-pigs  and  field-mice  are  highly  suscep- 
tible to  tho  disease,  which  may  also  be  contracted  by  some 
of  the  Ctirnivora,  such  as  the  cat,  lion,  and  tiger,  by 
inoculation  or  by  feeding  on  iliseased  carcases.  The  rabbit, 
sheep,  and  dog  are  but  slightly  susceptible,  while  cattle, 
Bwine,  and  houHo-mioe  are  stated  to  be  immune.  Shatlock  * 
found  that  the  white  mouse  is  somewhat  susceptible,  and 
suggBBts  that  in  all  prolmbiliby  the  house-mouse  will  be 
found  to  be  similarly  so. 

In  the  horse,  the  most  constant  seat  of  glanders  lesions 
is  the  lung,  and  McFadyean  states  that  uo  case  of  glanders 
with  lesions  elsewhere  than  in  the  lungs,  and  with  these 
organs  unaffected,  has  ever  been  recorded.  In  nearly  every 
case  of  farcy,  also,  nodules  are  present  in  the  lungs.  The 
lung   lesions   have   the  form  of  rounded,  lirm,  or  shotty 

'  Trans.  Path.  Soc.  Lond.  lis.,  1896.  p.  333. 
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nodules.  The  number  present  is  variable,  rarely 
than  a  dozen,  exceptionally  there  are  hundreds,  fairly 
evenly  distributed  throughout  the  Innj:;  tisflue.  The  nodule 
comuiences  as  a  collection  of  polymorphonuclear  leucocytes, 
around  which  a  zone  of  congestion  is  present.  Later,  the 
jilveohir  walls  uuderj^o  necrosis^  and  the  leucocytes  necrose 
and  disintegrate,  but  their  chromatui  persists  as  rounded 
frajTHients  which  retain  their  afHnity  for  nuclear  Htains 
(chronuitotexis).  The  nodule  may  become  surrounded  willi 
layer  oi  thin  fibrous  tissue,  between  which  and  the 
necrotic  central  area  a  zone  of  endothelioid  cells  with  giant 
cells  may  i>e  present  (Plate  X.^  b). 

The  lesions  of  farcy  are  at  the  onset  liistologically 
identical  with  the  glanders  nodule,  hut  by  the  prof^ressive 
li(]uefiu'tiun  vi  tlie  tissues  actual  abscesses  form. 

The  lesions  set  up  in  an  inoculated  guinea-pig  are  very 
characteristic  and  can  be  used  for  diagnostic  purposes. 
With  a  very  virulent  culture,  such  as  can  be  obtained  by 
several  passages  through  a  susceptible  animal,  a  guinea-pig 
may  die  in  four  or  live  days,  and  the  post-mortem  lesions 
are  slight,  consisting  of  some  caseation  at  the  seat  of 
inoculation  and  slightly  enlarged  spleen,  which  contains  a 
few  smal!  yellowish  nodules  resembling  miliary  tubercles. 
The  material  from  human  cases  as  a  rule  seems  more 
virulent  than  that  from  the  horse,  and  death  of  the  /j;ninea- 
pLg  often  ensues  a  few  days  after  inoculation. 

Usually  the  culture  or  material  from  a  glandered  horse 
does  not  produce  death  of  a  guinea-pig  until  a  lapse  of  two  or 
three  weeks.  A  male  guinea-pig  being  chosen,  the  changes 
observed  are  caseation  followed  by  ulceration  at  the  seat  of 
inoculation,  when  this  is  done  subcutaneously,  and  great 
enlargement  of  the  testicles  ;  on  cutting  into  these  they  are 
found  to  he  partially  or  almost  entirely  converted  into  a 
^msty  caseous  material,  while  the  skin  covering  them  is  so 
adherent  that  it  can  only  be  detached  by  cutting,  and  the 
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spleen  is  very  much  en  Ini'^'ed  andfitudded  with  btiihII  yellowish 
nodules.  In  a  female  guinea-pig  the  ovaries  are  attacked. 
These  uppearances  are  of  importance  in  the  diagnosis  of 
the  ditiease.  The  dit^iculiy  of  finding  the  bacillus  in  the 
discharges  by  microscopical  and  staining  methods  is  so 
great  that  these  cannot  be  employed  with  any  certainty. 
LdfHer  and  Straus  therefore  recommend  the  inoculation  of 
a  male  guinea-pig  intraperitoneally  with  the  discharge  or 
other  material.  If  the  glanders  bacillus  is  present  the 
lesions  just  described  rapidly  ensue,  and  the  diagnoHis  is 
established  in  four  or  five  days  (Straus's  test ').  At  the 
present  time  the  inoculation  method  has  been  almost  entirely 
Bm>erBeded  by  the  introduction  (vi  niallein,  the  former  being 
reserved  for  clinical  diagnosis  in  man. 

McFftdyean  found  that  the  blood  of  a  glandered  animal 
produces  agglutination  ur  clumping  of  the  glanders  bacillus 
similar  to  that  obtained  in  the  agglutination  (Widal)  test 
for  typhoid,  and  has  suggested  this  reaction  as  a  means  of 
diagnosis.  As  an  aid  to  the  clinical  diagnosis  of  the  disease 
in  man  it  is  doubtful  if  the  method  of  serum  diagnosis  can 
be  applied,  for  Foulerton*  found  that  typhoid  and  diphtheria 
sera  also  produue  agglutination  of  the  glanders  bacillus. 

!roj*(»5.  — Mallein,  a  preparation  analogous  to  tuberculin, 
is  preptu'ed  by  growing  a  virulent  glanders  bacillus  for  a 
month  or  six  weeks  in  glycerin  veal-broth  in  flat  flasks 
such  as  are  employed  for  tuberculin  (lig.  37),  so  that  there 
is  free  access  of  oxygen.  The  culture  is  then  autoclaved 
for  fifteen  minutes  at  115"  C,  filtered  through  a  Berkefeld 
filter,  concentrated  to  one-fourth  of  its  volume,  and  mixed 
with  an  equal  volume  of  a  .^  per  cent,  solution  of  carbolic 
acid.  This  yields  an  active  mallein,  1  c.c.  of  which  is  a 
dose,  and  gives  a  good  reaction.     Like  tubercidin,  it  has 


'  Se«   also   Nicollc,   Ann.   de   VInst.    Fn^t^tir,  xx.,  lyOti,  Aug.,   Sept. 
And  Oct. 

'  La1u:^t,  18y7,  i.  p.  1201. 
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little  or  no  curative  properties,  though  a  few  caties  of  cure 
by  prolonged  use  have  been  reported  by  Babes  and  others, 
but  is  ubed  for  diagnostic  purposes  :  and  veterinary  autho- 
rities are  unauiuiously  agreed  that  it  ia  one  of  the  most 
certain  means  we  possess  for  diagnosing  glanders  in  the 
horse.  Injected  int^>  an  uuglandored  horso  little  or  no 
effect  is  produced,  but  in  a  glandered  animal,  about  twelve 
hours  after  injection,  the  temperature  rises  1*5°  to  3"  C. 
above  the  nunual^  a  large  and  paitiful  swelling  forms  at 
the  seat  of  inoculation  (it  may  be  as  large  or  even  larger 
than  half  a  cocoanut),  while  any  affected  lymphatic  vessels 
or  farcy  buds  become  swollen.  Reaction  may,  however,  be 
produced  hi  the  absence  of  glanders  if  the  horse  is  being 
treated  with  bacterial  products,  toxins,  &c.^ 

The  greatest  care  should  be  exercised  when  working 
with  glanders  material  or  cultureHf  several  fatal  labora- 
tory accidents  having  unfortunatehj  happened  to  investi- 
gators. 


Clinical  Examination. 


ft 


1.  Prepiwe  and  nttun  fihn  preparations  of  the  pus  or  discbarge 
in  Lbffler*9  blue,  witb  sul>fle*|iient  partial  decolorization  in  4  per 
cent,  acetic.  The  ordinary  p^fogenic  cocci  ^^iil  not  be  found 
unless  a  secondary  infection  has  occurred,  und  the  material  may 
appear  sterile,  for  the  glanders  Iwicilli  may  be  very  scanty. 

2.  Several  tubes  of  glycerin-agar  and  potato  should  be  inocu- 
lated and  incubated  at  H7°  C.  for  seventy-two  hours.  On  the 
agar,  colonies  of  the  glanders  bacillus  will  devtilop  in  twenty-four 
to  thirty-six  hours,  but  the  potato  will  not  show  the  characteristic 
ambor  growth  under  forty-eight  to  seventy-two  hours. 

8.  It  will  usually  be  necessary  (in  man,  at  any  rate)  to  conlinu 
the  diagnosis  by  an  inoculation  experiment.  A  fully  developed 
male  guiuea-pig  is  chosen  and  a  httle  of  the  discharge,  or  an 
emulsion  of  the  material  (0*6  to  1  c.c),  is  injected  intraperitoneally, 
if  the  material  be  fairly  sterile,  but  if  not,  subcutaueously.     In 

'  Bee  Sudmersen  and  orenny,  Joum.  of  Hygimie,  viii..  lUOB.  p.  14. 
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three  to  five  daj?8   the  anitnal    should   show   the  characteristic 
swelling  of  the  testicles  if  the  luaterial  be  jglr^ndcrcd* 

4.  In  aniiiials  the  mallein  test  may  be  applied  : 

(a)  The  dose  is  injected  subcutaneously  in  the  neck  over  the 
vertebrrt",  about  midway  between  the  jaw  and  the  shoulder,  the 
syringe  and  skin  having  pre\iou8ly  been  disinfected. 

(£")  If  possible  the  temperature  of  the  animal  should  lie  taken 
morning  and  evening  for  two  or  three  days  previous  to  inoculation. 

(c)  The  temperature  of  the  animal  should  Ik?  taken  at  the 
twentieth  hour  after  inoculation*  or.  if  |>ossible,  at  frequent 
intprvals  from  the  twelfth  to  the  twentieth  hour. 

(fl)  A  complete  reaction  comprisea  (1)  a  rise  of  temperature 
of  more  than  2*5°  F.,  (2)  an  nxtensive  hot  and  pninful  swdling  at 
the  seat  of  innculation. 

(e)  Systemic  disturbance,  such  as  prostration,  loss  of  appetite, 
shivering,  A;c.,  may  occur. 

(/)  The  temperature  reaction  is  unreliable  in  all  cases  in 
which  the  temperature  at  the  lime  of  inoculation  is  2*5°  F.  above 
the  normal.  In  such  cases,  if  there  be  any  suspicious  clinical 
signs  to  assist,  reliance  may  be  placed  uj)on  the  local  swelling. 

5.  In  animals  the  agyhitinatJon  re-iction  may  be  applied,  i.e. 
testing  the  effect  of  a  1  :  10  or  1  :  20  solution  of  the  blood  sermn 
on  the  Rlanders  bacillns  (see  p.  172).  Moore  and  Taylor '  consider 
that  the  diagno3i;8  of  glanders  in  horses  by  the  agglutination 
method  U  easier  and  quite  as  accurate  as  by  mallein.  In  man 
this  test  might  give  an  inconclusive  result  (see  ante). 

6.  In  the  tissues  the  glanders  bacillus  is  difficult  to  demon- 
strate. Sections  may  be  stained  for  half  an  hour  with  carbol- 
methylene  blue,  treated  with  1  per  cent,  acetic  for  a  few  seconds, 
washed,  and  rapidly  dehydrated  with  alcohol,  cleared  and  mounted. 
McFadyetin  recommends,  after  treating  with  the  acetic  and 
washing,  flooding  with  a  saturated  solution  of  tannic  acid  in 
water  for  fifteen  minutes,  washing,  counter-staining  in  a  1  per 
cent,  aqueous  solution  of  acid  fuchsin  for  fifteen  to  thirty  seconds, 
washing,  dehydrating,  and  clearing  in  cedar  oil. 

Twort's  method  may  also  be  employed  (see  section  on  Amceba 
coli,  *  Clinical  Diagnosis  *). 

'  Joum.  of  InfecK  DiMeava,  Hup.  No.  3,  May  1907,  p.  86. 
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CHAPTER  X. 

TYPHOri)  FEVRR — PARA-TYPHOII>  FEVER — BACILLUS  ENTERITIDI8 
ANDTHEiiARTNER  liROUP  — rtWIKE  FEVER — BACILLUS  DYSBN- 
TERI.r. — CACILLCS    COM. 

The  organisms  considered  in  this  chapter  form  a  natural  group 
or  family,  and  pass  aa  it  were  by  Rradations  in  cultural  characters 
from  the  typhoid  liacilhis  to  the  colon  bacillus,  Ltiffler  classes 
them  together  in  a  family,  the  Typhacero,  which,  according  to  the 
reactions  of  the  or^ifanisma  included  in  it  on  certain  culture  media, 
ia  dividedinto  the  sub-families.  These  culture  media  are;  {1)  the 
ti/phoid  solution,  an  aq^ueous  solution  containing  2  per  cent, 
peptone,  1  per  cent,  nulrose,  1  per  cent.  f»raj)e  8u;?ar,  5  per  cent. 
lactose,  and  1*5  per  cent,  normal  potash  ;  (2)  the  pata-iyphoid 
solution,  bavinj^  the  same  composition  with  tho  exception  that 
the  glucoso  is  omittod.  To  100  c.c.  uf  the  tioluiion  iu  each  case 
1  c.c.  of  a  0*2  per  cent,  solution  of  chemically  pure  malachite- 
green  crystals  (Hoechat,  No.  120)  is  added. 

Luffler's  classification  is  as  follows  : 

Family, — Typhaceiu . 

Sub-Fiunily  1.— Typhoa\  This  group  does  not  ferment  the 
typhoid  solution,  but  leaves  it  unchanged  or  may  precipitat-e  it. 
The  para-typhold  solution  is  not  fermented^  is  vmchanj^ed  or  may 
become  milky.  The  following  organisms  are  contained  in  it  : 
(a)  B.  typhosus,  actively  motile,  precipitates  the  typhoid  solution, 
has  no  action  on  the  para-tjrphoid  solution,  (b)  B.  t'lyseuteria 
(Flexner),  motile,'  does  not  precipitate  the  typhoid  solution,  and 
the  para-typhoid  solution  is  unchange<l.  (c)  J^.  dysffttcrue  {Shiga- 
Kruse),  non-motile,  has  no  action  on  either  solution,  but  if  the 
green  be  omitted  from  the  typhoid  solution,  it  is  precipitated,  (d) 
B,  typhosimilvi,  motile,  does  not  precipitate  the  typhoid  solution, 
'  It  is  Utiuully  slated  to  be  non-uiotile. 
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but  renders  the  para-typhoid  solution  milky;  oocura  in  impure 
water  and  fieces.  (c)  B.  pscadodysenleria.  does  not  alter  either 
solution,  is  not  agglutinated  by  either  Flexner  or  Shiga-Kruse 
serum. 

Sub-Family  2.  — Josarcenp.*  This  group  ferments  the  typhoid 
solution  with  ga.s-formiition  and  frothing,  and  alters  the 
para-typhoid  solution.  It  includes  the  following  organisms : 
(a)  B,  paratyphosHS  A,  motile^  ferments  the  typhoid  solution, 
renders  the  para-typhoid  solution  a  darker  green  ;  pathogenic  for 
mice  jL/iT  OS,  (6)  B.  i)aratj/phosits  B,  motile,  ferments  the  typhoid 
solution,  decolorizes  the  para-typhoid  solution  ;  occurs  in  man, 
ox,  sheep,  swine,  horse,  (c)  B.  typhimtiriuviy  resembles  {h) ; 
pathogenic  per  os  only  for  mice  and  field-mice,  (cl)  B.  Danyu^ 
resembles  (h)  and  agglutinated  by  para  typhosus  B  serum  ;  patho- 
genic for  rats  and  mice,  (f)  B.  psitiacosist  resembles  (b) ;  patho- 
genic for  parrots  and  man.  (/)  B.  cnteritidis-isosarcimis 
(Gartner),  resembles  (ft),  but  not  agglutinated  by  paratyphosus  B 
serum ;  sometimes  forms  thermostable  poisons,  (g)  B.  isosar- 
cinus,  n.  sp,,  from  cases  of  food -poisoning ;  resembles  (6),  not 
agglutinated  by  Giirfcner  or  par'aiyphosiui  B  serum,  (k)  B.  sni- 
pestifer^  resembles  (6) ;  pathogenic. 

Sub-Family  8. — Colen?.  This  group  ferments  both  solutions 
with  gas-formation  and  frothing.  Includes  (a)  B.  coli^  slightly 
motile  or  non-motile;  ferments  both  solutions,     {b)  B-jjaracoli. 

In  addition,  all  the  organisms  are  agglutinated  by  their 
homologous  sera. 

Typhoip  Fever. ^ 

The  specific  organism  of  typhoid  fever  is  a  bacillus 
originally  isolated  by  Eberth  in  1880,  and  more  closely 
studied  by  Gaffky  in  1 884. 

The  Eberth-Gaffky  liacillns,  or  Bacillus  typhofius,  is 
beat  observed  in  sectionH  of  the  spleen^  in  whicli  it  oec-urs  in 
groups  or  colonies  consisting  of  short  rods  with  rounded 
ends,  eiich  measuring  about.  3  /i  in  length.  It  haw  also  been 
demonstrated  in  the  mesenteric  glands  and  liver,  in  the 

'  Froui  Us,  poison,  and  trdp^,  Hesh. 

»  Sre  Horlon  Smith,  Lancet,  1900,  i.  p.  «*il  ct  ifq. 
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swollen  Payer's  patches  before  ulceration,  and  in  other 
Hituations. 

In  order  to  obtain  pure  cultivations  it  is  preferable  to 
make  use  of  the  Hpleen,  The  organ  is  washeil  and  then 
cauterized  lineally  by  means  of  a  red-hot  iron  in  order  to 
destroy  the  saprophytic  bacteria  on  and  near  tlie  surface. 
An  ineihion  in  niadt^  with  a  sterilized  knife  through  this 
cauterized  area,  and  a  little  of  the  splenit*  pulp  is  taken  with 
a  sterilized  platinum  needle  and  inoculated  on  to  tubes  or 
plates,  preferaltly  of  litmus  lactose.  Conradi-Ihigalski,  or 
malachite-greeu  agar.  These  are  incubated  at  37''  C.  for 
twenty-four  to  forty-eight  hours,  and  the  growths  which 
develop  are  examined  and  tested  by  microHcopical  and  culttini 
methods.  The  organism  may  also  be  obtained  by  cultivation 
from  the  blood  of  a  patient  (p.  345).  The  following  are 
the  characters  of  the  Jiaclllus  typhosus. 

Morphology. — Bacilli  with  rounded  ends  2  to  3  /^  in 
length  and  O'O  f^  broad.  It  is,  however,  in  cultivation  a 
markedly  pleomorphic  organism,  and  very  short  rods,  long 
rods,  and  thick  filaments  10  to  80 /i  in  length  occur;  the 
latter  are  known  as  involution  forms  (Plate  XI.,  a).  It 
does  not  form  spores,  but  gninulation  and  vaciiobition 
may  be  observed  in  the  protoplasm. 

It  is  actively  motile  and  possesses  a  number  of  flagella, 
arranged  peritrichically  both  at  the  poles  and  sides  (Plate 
XI.,  c).  The  flagella  are  long  and  wavy  and  average  8  to 
12  in  number,  which  is  an  iniiwrtant  point  of  ditferentiation 
from  the  BaeiUus  coli,  which  usually  has  only  3  or  4.  It 
stains  by  the  ordinary  anilin  dyes,  but  not  by  Granra 
method.  In  stained  preparations,  unstained  spaces  or 
vacuoles  may  frequently  be  seen. 

Cultural  Characters, — The  J5,  typhosus  is  aerobic  and 
facultatively  anntrobic  and  grows  well  on  the  ordinary 
culture  media.  On  agar  it  forms  a  thick,  moist,  greyish 
layer.     On  gelatin  it  grows  slowly,  and  the  growth,  which 
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PLATE   XI 


a.   BxCILLOfi   TtrBOSUR. 
CoTER-OiaBS    PitKI'AR-VTIi»N    OF   A    PtTBE 

Crr.TCHB.      »   1500. 


b.  Gelatink   CuLTruK  ok 
B.  TYVHOrttTfi,  6  Days  Olii. 


c,  BArii.T»iiK  TYrntwPs. 

COVKR-UIJUIB    PHEPAftATlON    HHOWIXO    FlAOKIXA.        k     1500. 
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is  usually  scanty  and  confined  to  the  needle-truck,  is  white 
and  shining  and  somewhat  irregular  (Plate  XL,  6).  The 
colonies  in  gelatin  are  visible  in  about  forty-eight  hours, 
and  form  small  roundish  wtiite  pointa,  which  are  gi'anular 
and  brownish  in  colour  by  tranflmitled  light.  In  broth  it 
produces  a  general  turbidiL3%  without  film  formation.  The 
growth  on  potato  acid  in  reaction  is  somewhat  characteristic; 
it  forms  a  moist,  grey,  shining  layer  which  is  almost  in- 
visible. If,  however,  the  reaction  of  the  jjotato  is  neutral 
or  alkaline,  the  growth  may  be  yellowish.  The  if.  typhosus 
grows  well  in  milk  with  slight  permanent  acidity^  but  with- 
out coagulation. 

Acid  is  formed  in  small  quantity  during  it.n  growth  in 
many  media  (volatile  fatty  acids^  and  lactic  acid),  which  can 
be  demonstrated  by  cultivating  in  litmus  milk,  or  in  litmus 
glucose  media,  and  the  organism  will  grow  in  slightly  acid 
media.  Neither  gas  nor  indole  '  is  formed  in  cultures  ;  acid 
is  produced  from  glucose  bnt  no  gas,  lactose  is  unacted 
upon.  The  fermentation  reactions  on  various  media  are 
given  in  the  table  on  p.  855,  and  are  there  contrasted  with 
those  of  the  B.  coU  and  other  organisms  (see  also  p.  350). 
Chatterjee'-'  finds  that  agar  on  which  the  typhoid  bacillus 
has  been  groMn  contjiins  toxic  substances,  and  that  if  the 
agar  be  scraped  so  as  to  remove  all  growth,  the  typhoid 
bacillus  will  not  again  grow  on  this  agar,  but  other 
bacilli  will  do  so,  so  that  this  forms  a  test  for  the  typhoid 
bacillus. 

Pathogenicity. — In  cases  of  typhoid  fever  in  man  the 
Bacillii.H  typhosus  is  widely  distributed  in  the  body,  in  the 
various  tissues,  and  in  the  blood,  from  which  it  may  be 
obtained  by  cultivations  made  from  at  least  0*5  c.c.  (see 
*  Clinical  Diagnosis,'  p.  345).     The  bacillus  is  constantly 

'  OccaBJunullj  a  feeble   indole    reaction   raay  be  obtained   by   careful 

»  TraM.  XIV.  Inteniat.  Cong,  of  HygUite  (Berlin.  1907).  Bd.  iv.  p.  34. 
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present  in  the  biood  from  the  commencement  of  the  disease^ 
though  not  in  large  numbers,  and  cultures  from  the  blood 
in  corai>etent  hands  result  in  the  recovery  of  the  organism 
in  approximately  100  per  cent,  of  the  cases;  in  the  later 
fitagefl  of  the  disease  it  is  less  frequently  recovered.'  In 
addition  to  l)eing  present  in  the  Peyer'e  pfttches,  mesenteric 
glands,  and  spleen,  the  B^  typhosus  has  been  found  in  the 
roHG-spots  of  the  eruption,  in  the  s\vt*at,  in  the  siuitum  and 
lungs  in  the  pulmonary  complications,  and  in  the  urine. 
In  the  urine  it  is  so  frequently  present  that  sj)ecial 
disinfection  should  be  practised,  more  jmrticularly  during 
convalescence,  and  in  some  cases  it  may  be  so  abundant 
as  to  produce  a  turbidity  (typhoid  bacilluria)  tuid  cystitis. 
It  is  also  pyogenic,  and  occurs  (usually  hi  pure  culture)  in 
concurrunt  or  i>ost-typhoidal  conipliratioiis— e.g.  empyema, 
abscesses,  osteomyelitis,  suppurating  ovarian  cysts,  ifcc. 
Clumps  of  bacilli  in  the  gall-bladder  have  benn  suggested  as 
the  nuclei  of  gall-stones,  and  the  bacilli  may  be  so  numerous 
in  the  gall-bladder  and  bile  ducts  as  to  cause  cholecystitis 
and  cholangitis.  The  orKanism  is  by  no  means  easy  to 
isolate  from  the  stools,  simple  plate  cultivations  usually 
fail,  and  the  best  medium  to  employ  is  the  Conradi-Drigalski 
or  malachite-green  agar  (see  '  Water  '). 

Injected  intraperitoneally  into  mice  and  guinea-pigs  the 
B,  typhosus  usually  produces  death,  and  the  same  result 
follows  from  intravenous  injections  in  rabbits,  but  by 
continuous  cultivation  it  loses  its  patht^genic  properties. 
Given  by  the  mouth,  no  result  follows,  and  the  same  is  the 
experience  of  most  observers  who  have  fed  animals  on 
typhoid  stools  ;  a  disease  process  analogous  to  typhoid 
fever  in  man  has  rarely  been  induced  experimentally. 
Remlinger  '  states  that  by  feeding  young  rabbits  on 
vegetables,  cabbage,  &c.  soaked  in  water  to  which  had  been 

*  Culeiimn  uiid  Buxton,  Amer.  Jount.  Mtd.  .S'ci.  June  I'.IOT. 

*  Ann  iif  Vhu^t.  Paiteur.  x\.,  ls97.  p.  829. 
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added  some  culture  of  the  fcyi^hoid  bacillus  he  has  succeeded 
in  iudut:in»^  n  condition  resembling  typhoid  fever  in  man. 
The  charts  which  accompany  the  paper  show  a  tyjncal  rise 
of  temperature,  a  period  of  pyrexia  with  morning  remission, 
followed  hy  a  typical  fall  of  temperature.  The  animals 
suffered  from  diarrhcea,  and  their  blood  gave  the  aggluti- 
nation reaction.  Post  mortem,  the  intestine  was  congested 
and  tilled  with  yellow  diarrhu'ic  matter,  the  Peyer's  patches 
were  swollen  and  in  some  places  commencing  to  ulcerate. 
The  spleen  was  increased  to  two  or  three  times  its  normal 
size,  and  cultures  of  the  typhoid  hacillus  were  obtained 
from  it.  The  morbid  effects  following  intraperitoneal  in- 
oculation are  similar  to  those  produced  by  the  Bacillus  coli 
and  other  organisms. 

The  proof  of  the  causal  relation  of  the  Bacillus  typhosus 
to  entnric  fever  is  based  on  the  following  facts.  It  is  met 
with  in  the  tissues  in  cases  of  enteric  fever,  can  be  obtained 
from  the  spleen  during  life  by  puncturing  with  a  hollow 
needle,  and  may  he  isolated  from  the  urine  and  blood 
during  the  course  of  the  disease,  and  is  not  met  witli  in 
other  diseases.  The  writer  has  had  under  his  care  three 
cases,  and  knows  of  several  others,  in  which  the  disoasowas 
almost  certainly  contracted  in  the  laboratory  from  working 
with  pure  cultures.  The  blood  and  blood  sernm  of  an 
animal  immmiiKcd  a^ijainst  the  B.  tf/phosus  are  found  to 
bring  about  cessation  of  movement  and  agglutination  or 
aggregation  of  the  bacilli  in  a  broth  culture  of  tlie  organism. 
A  similar  result  occurs  when  the  serum  of  a  patient,  in 
the  Bocoiul  week  of  an  atttiek  of  typhoid  fever,  acts  on 
the  B,  iyphosus,  the  reaction  not  occurring  with  healthy 
individuals  or  in  other  diseases  (Plate  Xll.,  a).  This 
indicates  that  in  the  body  of  an  individual  suffering  from 
typhoid  fever  the  same  substances  are  formed  as  in  an 
animal  artiiicially  immunized  by  cultures  of  the  B,  typhosus. 
This  reaction  is  now  recognized  as  a  valuable  clinical  test 
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in  doubtful  cases  of  enteric  fever  (the  *  Widal  *  or  aggluti- 
nation reaction '), 

Th e  A ijglntination  lit'oction. — For  the  method  of 
carrying  out  the  agglutination  reaction  seep.  345.  Various 
precautions  have  to  he  taken  to  ensure  a  reliahie  result. 
Cultures  of  the  typhoid  bacillps  may  contain  pre-fornied 
clumpH  of  bacilli,  these  may  be  removed  by  hltering  the 
cTilture  through  a  moistened  filler-paper ;  some  strains 
agglutinate  better  than  others  ;  normal  serum  will  generally 
agglutinate  in  a  dilution  up  to  1  in  3  or  4,  hut  occasionally 
is  much  more  active.  Dead  bacilli  may  be  used.  The 
reaction  is  not  obtained  before  the  sixth  or  seventh  day  of 
fever,  occasionally  not  until  much  later.  Very  rarely  the 
reaction  seems  to  be  intermittent.  The  blood  may  retain 
its  agglutinating  power  for  years  after  an  attack,  and 
inoculation  with  Wright's  vaccine  also  confers  agglutinative 
properties.  Oases  do  occur  in  which  agglutination  is  absent 
tbroughout,  but  they  arc  rare  and  often  tend  to  be  severe 
and  to  termhiate  fatally.  If  the  blood  duiing  tbe  course  of 
an  attack  fails  to  give  a  reaction  when  tested  on  three 
occasions  at  intervals  of  three  to  four  days,  it  is  improbable 
that  the  case  is  one  of  typhoid  fever.  Moreover,  cases  m^cur, 
simulating  typhoid  closely,  due  t^  infection  with  the  so-called 
para-colon  or  para-typhoid  bacilli.  These  *  para '  baciUi 
belong  properly  to  the  U*  eiitfritldia  group  of  orgaiiisms 
(see  p.  848),  If  a  positive  reaction  be  obtained,  yet  the  case 
does  not  seem  to  bo  one  of  typhoid,  a  previous  attack  or 
inoculation  with  Wright's  vaccine  must  be  excluded.  The 
previous  injection  of  a  typhoid  anti-serum  into  tho  patient 
might  induce  a  non-typhoid  infection  to  give  the  reaction. 

Gwyn  *  found  that  out  of  2tir>  cases  diagnosed  as  typhoid 
and  accurately  studied,  only  one  persistently  failed  to  give 

'  Some  oODtroversj  has  arisen  as  to  the  discoverer  of  this  reaction. 
Ornnb&nm  oluinia  to  have  first  obsorved  it. 

'  Johns  lloitkms  liosp.  IfnU.  viii.,  1000,  p.  387. 
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the  reaction.  The  blood  of  this  ease,  however,  reacted 
typically  with  a  Giirtoer-like  organism  obtained  from  the 
blood  {a  case,  therefore,  of  para-typhoid  infection  with  all 
the  syniptoma  of  typhoid  fever). 

Johnson  and  McTaggart '  state  that  typhoid  blood  dried 
for  sixty  days  atill  gives  a  typical  agglutination  reaction. 
An  incomplete  reaction  was  occasionally  obtained  as  early 
as  the  end  of  the  second  day^and  the  complete  reaction  was 
rarely  delayed  beyond  the  fifth  day.  They  alno  noticed 
that  the  blood  of  the  horse  often  produced  clumping  Sec. 
of  typhoid  bacilli,  indislingULshable  from  an  agglutination 
reaction  with  typhoid  blood;  but  the  same  agglutinating 
effect  WHS  also  produced  on  the  colon  bacillus-  Many 
chemical  Bubstances  also  produce  agglutination  of  typhoid 
bacilli,  so  that  it  is  necessary  to  exclude  Ihem  in  making  a 
diagnosis.  For  example,  corrosive  sublimate  (0'7  :  1000), 
alcohol,  salicylic  acid,  vesuvin,  and  safraiiin  (1  :  1000) 
agglutinate,  while  carbolic  and  lactic  acids,  chloroform, 
caustic  soda,  and  ammonia  do  not;  the  last  two  only, 
provided  tlie  test  typhoid  miuilHion  be  made  with  dis- 
tilled water.  Safranin  has  a  powerful  agglutinating 
action  on  the  typhoid  bacillus,  but  not  on  the  colon 
bacillus."' 

There  is  no  constant  connexion  between  the  activity 
of  agglutination  and  the  severity  of  the  disease,  nor  does 
the  bactericidal  action  of  the  blood  serum  undergo  any 
constant  alteration  as  a  result  of  the  typhoid  infection. 
The  agglutinating  and  Itacterieidal  actions  of  the  blood 
serum  aru  not  due  to  the  same  Hubstance,  for  while  the 
bactericidal  action  is  destroyed  by  heating  to  55°  C.  for 
half  an  hour,  the  ai^glutinating  action  is  unaltered  by  this 
treatment. 

Toxins.—From  cultures  of  the  typhoid  bacillus  Brieger 

•  Brit.  Meii.  Jouni.  1896,  ii.  p.  «29. 

•  MaIvo»,  Ann.  dc  Vlnst.  PaeUur,  xi..  1897.  p.  582. 
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isolated  a  base  which  he  termed  typhotoxin  find  which  is 
isomeric  with  gudiuine.  In  animals  it  produced  salivation, 
profuse  diarrhtea,  paralysis,  and  death.  Brieger  and 
Fninkel  have  hIho  isolated  from  cidtures  a  toxic  protein 
body.  Fenwick  and  Bokenhani '  extracted  from  spleens  of 
typhoid  fever  patients  a  proteose,  an  alkaloid,  and  a  fatty 
residue.  The  proteose  produced  fever,  anorexia,  and  loss 
of  weight  in  guinea-pigs  and  rabbits,  but  tlio  alkaloid  and 
fatty  matter  were  without  effect. 

The  toxins  of  the  typhoid  baciUus,  however,  seem  to  be 
largely  intracellular,  and  filtered  broth  cultures  are  usually 
almost  non-toxic.  Sidney  Martin  ^  by  cultivating  in  a 
protein  ntedium  was  aide  sometitues  to  obtain  a  toxic  filtrate, 
a  few  CO.  of  which  produced  lowered  temperature,  diarrhea, 
and  death.  Macfadyen  aud  H(>wlund  '  by  disintegrating 
large  (luantities  of  typhoid  bacilli,  filtering,  and  so  obtaining 
the  intracellular  couHtitucrits  in  the  filtrate,  found  that  small 
doses  of  the  latter  produced  a  transient  rise  of  temperature 
in  guinea-pigs  and  a  loss  of  weight  which  was  soon  recovered 
from.  Animals  so  treated  were  protected  against  a  certain 
lethal  dose  of  typhoid  bacilli,  and  their  blood  exhibited 
agglutinative  and  bacteriolytic  properties  towards  the 
typhoid  bacillus.  Macfadyen  '  hiter  obtained  the  intra- 
cellular juice  of  typhoid  bacilli  by  disintegration  after 
freezing  with  liquid  air,  and  found  it  to  be  very  toxic  to 
guinea-pigH  by  iutraperibinea!,  and  ti>  rabbits  by  intra- 
venous, inoculatiun.  Cultures  i>f  the  Bacillus  typhosus  do 
not  give  the  *  diazo '  reaction.'* 

Survivalof  the  Typhoid  Bacillus  in  the  Body, — Bacilli 
may  jwrsist  in  the  spleen  for  weeks,  in  the  gall-bladder  for 

'  Brii.  Med.  Joiim.  18i>5,  i.  p.  801. 

^  Ibid.  189B.  ii.  pp.  11  and  T6. 

=  Centr.f.  Bakt.  xxx.  p.  753. 

'  Proc.  Boy.  Soc.  Land.  h.  hxi.,  1902,  p.  77. 

»  Hewlett,  Brit,  Med.  Jounu  189«.  i.  p.  lU. 
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years,  and  in  HUiipiu'ative  Iuhiohh  for  six  years  or  more. 
Foster  and  Kayser  oljtained  pure  cultures  from  the  gall- 
bladders of  seven  out  of  eight  cases,  and  in  2  per  cent,  of 
the  cases  this  '  cholecyslitiH  typhosa '  becomes  a  chronic  pro- 
cess and  typhoid  bacilli  may  be  diHcbarged  into  the  bowel  for 
long  periods.  Dean  '  found  this  to  be  the  case  in  a  patient 
who  bud  bad  enteric  fever  twenty-nine  years  previouHly. 
Such  *  typhoid  carriers  '  have  been  the  subject  of  much 
investigation  recently.  A.  and  J.  Ledingham  -  record  three 
instances  met  witJi  in  an  aByluui  in  wliifli  myHterious  cases 
of  typhoid  had  occurred — 31  cases  during  fourteen  years. 
Davies  and  Walker  Hall  ^  relate  similar  outbreaks,  the 
carrier  in  this  case  being  a  woman  who  had  suffered  from 
enteric  fever  in  19Q1,  milk  serving  an  lliH  vehicle  of  trans- 
mission, and  a  number  of  other  instances  have  been 
recorded.  Three-fourtlis  of  the  eases  are  women  (and 
three-fourths  of  the  cases  of  gall-stones  occur  in  women), 
and  usually  the  serum  of  the  carriers  gives  a  marked 
agglutination  reaction,  and  their  stools  frequently  contain 
such  large  numbers  of  typhoid  ImcilH  that  these  largely 
replace  the  natural  bacterial  llora  of  the  intestine  and  may 
often  be  recovered  from  the  stools  by  simple  plating. 
Obviously  the  typhoid  carrier  is  a  source  of  serious  risk  to 
the  community,  and  mysterious  outbreaks  of  enteric  fever, 
ascribed  by  some  in  the  past  to  a  *  dc  novo '  origin  of 
the  specific  organism,  become  explicable.  The  typhoid 
bacillus  may  occur  in  the  contents  of  ovarian  cysts, 
usually  causing  suppuration,  and  may  survive  for  months- 
twelve  in  a  case  recorded  by  Taylor  * — after  the  attack  of 
typhoid. 

Survival  of  the  Typhoid  liaclUus  outside  the  Body, — 
The  Bacillus  typhosus  has  been  isolated  in  a  few  instances 

'  Brit.  Meti.  Jmitn.  1908.  i.  p.  562.  *  Ibid.  p.  15. 

'  Proc.  Roy.  Soc.  Med.  i.  11^08,  Kpidemiolog.  Sect.  p.  175. 
'  Journ,  OMet.  amf  GyncKol.  Brit.  Emyir$^  Nov.  1907. 
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from  WATER  SUPPLIES  which  have  become  infected,  and  have 
given  rise  to  epidemics,  as  in  the  case  of  the  Worthing 
epidemic  in  189'2.  Tliis  is  the  exception,  however,  and  the 
isohition  of  the  typhoid  baciUu.s  from  an  infected  water  is  a 
very  difficult  nijvtter  on  acicount  of  the  fact  that  the  bacillus 
may  have  died  (Hit  before  the  investigation  is  commenced, 
that  it  is  generally  in  a  small  minority  and  admixed  with 
numbers  of  coliform  organisms,  and  tliat  until  recently  no 
medium  was  available  which  inhibited  the  growth  of  the 
coliform  organisms  without  at  the  same  time  inhibiting  the 
growth  of  the  B.  ttjphosus.  By  the  use  of  malachite-green 
media  the  last-named  difficulty  seems  to  have  been  over- 
come (see  '  Water  *). 

In  sterilized  waters,  including  distilled  water,  the 
Bacillus  tt/phosus  maintains  its  vitality  for  upwards  of  a 
month,  and  in  some  caseH  for  much  longer.  The  survival 
is  not  necessarily  longer  in  an  organically  [>olluted  water 
than  in  a  pure  water.  Infecting  sterilized  Thames  water 
(from  the  Temple  Embankment)  and  sterilized  tap-water 
of  the  Chelsea  Waterworks  with  typhoid  cultures,  the  writer 
found  that,  examining  small  (iuanlities  (1  c.c)  of  the  water, 
the  bacillus  appeared  to  die  out  in  the  former  in  two  to 
three  weeks,  in  the  latter  in  four  to  live  weeks. 

The  survival  of  the  typhoid  bacillus  in  natural  waters 
must  be  influenced  by  many  circumstances  -temperature, 
chemical  composition,  struggle  for  existence  with  the 
natural  bacterial  flora,  Ac,  of  the  water.  Experiments  by 
Russell  6i  Fuller,'  in  which  the  organism,  suspended  in 
collodion  sacs,  was  subjected  to  the  action  of  lake  water, 
indicated  that  the  maximum  was  eight  to  ten  days. 
Houston-  does  not  altogether  accept  these  results,  and  in 
some  carefully  carried  out  experiments  with  raw  Thames, 
Lee,  and  New  River  waters  arLiticially  infected  with  varying 

'  Journ.  Infect.  Diieasis,  Sup.  No.  'J.  Feb.  11H>'J.  p.  iO. 

'  Firtt  B0ff.  on  Hvwarch  ItoiVf,  Metropolitan  Water  Boitrd,  1908. 
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numbers  of  typhoid  bacilli,  in  which  100  c.c.  oF  the  water 
were  examined,  found  that  in  none  of  eif^hteen  experiments 
was  a  negative  r^-snlt  nbtaiiiiid  in  four  WBeke,  and  it  was 
only  after  nine  weeks  that  the  typhoid  biicillus  could  not 
be  isolated  from  this  quantity  in  all  the  experiments.  In 
aerated  (COJ  waters  the  B,  typhosus  does  not  survive  a 
fortnir;ht. 

The  methods  of  isolation  from  water  are  given  in 
Chapter  X\r. 

The  Bacillus  typhosus  may  gain  access  to  shell-tish, 
oysters,  mussels,  cockles,  &c.,  particularly  if  obtained  from 
sewage-iwlluted  laying,  as  has  been  proved  by  Nash, 
Collingridge,  Klein,  and  others.  Such  polluted  Bhell-fish 
may  give  rise  to  typhoid  epitlemics— as  at  Winchester  and 
Southampton  in  the  ease  of  oysters,  and  in  Ihe  case  of 
cockles  derived  from  the  Thames  Estuary  and  imperfectly 
cooked  to  tyi)boid  cases.  Fnuu  many  samples  of  oysters 
subjected  to  contamination  Klein  obtained  the  colon  bacillus 
in  large  numbers,  and  from  one  oyster  a  cultivation  in 
phenol  broth  gave  a  pui'e  culture  uf  the  typhoid  bacillus. 
Further,  by  inoculating  oysters,  kept  in  tanks  of  sea-water, 
with  typhoid  culture  typhoid  bacilli  were  obtained  from 
their  interior  four,  nine,  sixteen,  and  even  eighteen  days 
from  the  connuencement  of  the  ex|)erimont,  the  oysters 
showing  no  abnormal  condition,  while  the  typhoid  bacilli 
recovered  from  them  and  from  the  tank  water  retained 
unimpaired  all  the  characters  of  a  typical  typhoid  bacillus.' 
(See  also  Chapter  XXL) 

As  rei^ards  the  vitality  of  the  Bacillus  typhosus  in 
sewage,  Parry  Laws  and  Andrewes  ^  showed,  in  the  first 

'  On  paihogcDic  organismB  in  abell-flsh  see  '  On  Oyster  Culture  in  Rela- 
tion to  Disease'  {Loc.  Qov.  Bourd  Rep,  1896);  Rep.  Med.  Off.  hoc.  Qqv. 
Board  (or  1899-1900,  p.  67-4 ;  UoubIod,  Fourth  Report  of  the  Setcatje  Oom- 
mission^  vol.  iii.,  190-i ;  anti  MoWeeney  on  Sbdltiali  Layinga,  Rep.  Loc. 
Gov.  Board,  IrtUind,  1904. 

»  Rfport9  to  th«  Loytdon  County  Council,  No.  216,  1894. 
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place,  that  in  ordinary  sewage  the  mathematical  chances  of 
detecting  the  bacillus  are  extremely  remote,  but  that  in  the 
sewer  from  a  typhoid  block  at  the  Eastern  Ho8pital» 
Homerton^  wherti  the  stoDlw  had  not  been  disinfected  for 
two  days,  a  bacillus  was  isolated  which  was  identical  with 
the  B.  typhosus.  In  aterilized  sewage  inoculated  with  it 
the  B.  it/phtisus  hardly  multiplied  at  all,  and  at  the  end 
of  ten  days  had  died  out.  Certain  organisms  in  sewage 
Heemed  to  have  a  deleterious  action  on  the  B.  typhosus, 
hastening  its  extinction,  viz.  the  B.  flnorcscens  Uquefaciens 
and  B.  Jftwrescens  stercoralis.  Russell  and  Fuller,  sub- 
jecting the  bacillus  to  the  direct  action  of  sewage,  found  the 
survival  to  range  from  thiee  to  five  days. 

In  dry  garden  earth,  according  to  Dempster/  the 
Bacillus  typhosus  does  not  live  longer  than  eighteen  days 
(Firth  and  Horrocks  recovered  it  uj)  la  twenty-five  days), 
and  in  peat  it  dies  within  twenty-four  hours.  In  moi^t 
Boil,  however,  the  bacilhiH  waH  still  uVwv  on  tlie  forty-second 
day.  In  an  artificially  dried  soil  it  was  not  found  alive 
after  the  seventh  day. 

Sidney  Martin  found  that  in  moist  sterilised  soil  kept 
at  temperatures  from  3"*  to  !J7''  C,  the  B,  typhosus  main- 
tains its  vitality  for  upwards  of  fifteen  months,  but  that  in 
unstcrilized  soil  it  rapidly  dies.' 

Mair  '  concludeH  that  the  typhoid  bacillus  can  survive  in 
natural  soil  in  large  numbers  for  about  twenty  days,  and  is 
still  present  in  a  living  condition  after  seventy  to  eighty 
days,  but  thai  tliere  is  no  evidence  that  it  is  capable  of 
multiplying  and  leading  a  saprophytic  existence  in  ordinary 
soil.  He  suggests  that  Martin's  result  (the  rapid  extinction 
of  the  bacillus  in  unsterilized  soil)  may  be  explained  by  the 
use  of  broth  culturea  for  infection,  the  broth  added  leading 

»  Med.  Chirurg.  Tran$,  Ixxvii.,  18VM.  p.  263. 

*  Reps.  Med.  Off.  Lac.  Gov.  Board  for  1R97-19O0.  p.  525. 

'  Jotim.  of  Hijgiene,  viii.,  190S,  p.  37. 
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to  a  niultipncation  of  the  jsaprophyteH.  Firth  and  Horrocks  ' 
simihtriy  conchide  that  the  typhoid  bacillus  displays  no 
tendency  to  increase  in  numbers^  nor  to  grow  upwards  or 
downwards  in  soil,  though  it  may  be  washed  hy  water 
through  a  thickness  of  18  inches.  They  did  not  find  that 
virgin  or  scwage-iwUuted  soils  showed  much  difference  in 
these  respects. 

In  a  research  on  the  conveyance  of  infection  by  the 
air,  Germano'^  investigated  the  duration  of  life  of  the 
typhoid  bacillus  in  dust,  on  clothing,  and  in  fa?ceB.  In 
dust  the  typhoid  bacilli  always  die  quickly  on  desiccation 
(within  three  days),  but  wlien  kept  damp  they  live  much 
longer.  In  dust  and  ■nnl^d  infected  with  typhoid  stools 
much  the  same  result  was  obtained.  On  clothing,  however, 
even  when  dried,  the  bacillus  retained  its  vitality  for  more 
than  a  month.  He  cotmiders  from  these  experiments  that 
the  conveyance  of  the  typhoid  infection  thromjh  the  air, 
at  any  rate  for  any  distance,  is  very  unlikely. 

Firth  and  Horrocks,  however,  found  the  B,  typhosus  to 
be  alive  in  soil  dry  enough  to  form  dust  for  as  long  as 
twenty-five  days,  and  consider  that  infective  material  can 
be  readily  transmitted  from  dried  soil  and  sand  by  means 
of  winds  and  air  currents.  DoubtlesH  mucJi  depends  on 
the  degree  of  dryness  of  the  substratum.  From  khaki 
drill  and  serge  inoculated  with  cultures,  the  bacillus  was 
recoverable  for  ten  to  twelve  weeks,  and  for  ten  to  seven- 
teen days  from  the  same  materials  fouled  with  enteric 
ficces. 

Firth  and  Horrocks  demonstrated  that  house-flies  can 
convey  enteric  infective  material  from  speciiic  excreta  or 
other  polluted  material  to  objects  on  which  they  settle  or 
feed,  and  the  Commission  which  investigated  the  prevalence 
of  enteric  fever  in  the  Spanish-American  war  ascribed  to 

'  Brit.  Med.  Jotirn.  liK)2.  li.  p.  930. 

«  Zeitachr.f.  Hyg.  xxiv.,  1897,  No.  3,  p.  403. 
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>rineipal  pAit  in  the  dissemination  o£  the  difif^ARe. 
ice  of  the  posisibility  of  foniitea  soiled  with  typhoid 
:c.^  conveying  the  disBttse  was  that  of  tlie  blankets        < 
lie  South  African  war  and  brought  to  this  country; 
^  rise  to  several  cases  of  typhoid  fever. 
\  baa  always  been  conBiderable  discussion  on  the 
ation  of  sewer-gae  to  disease.     In  enteric  fever, 
a,   and  tonsillitis  most  phyeicians  hold  that  the 
ti  of  sewer-gas  is,  to  say  the  least,  a  predisposing 
'lOrae  have  eonsidered  that  the  Bpeeific  organisms 
■nt  in  the  emanations  from  sewers,  and   this  is 
the  case  oecasionally.     Thus  Horrocks  '  in  some 
rita  performed  at  Gibraltar,    by   pouring  sewage 
y  infected  with  typhoid  culture  down  drains, showed 
ilic  bacteria  present  in  sewage  may  be  ejected  into 
nf   ventilation  pipes,  inspection  chambers,  drains 
rs  by  (a)  the  bursting  of  Imbbles  at  the  surface  of 
^e,  [h)  the  separatioii  of  drituJ  particles  from  the 
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long  exposed  to  the  sewer  air  are  not  so  easily  infected  as 
those  exposed  for  a  short  time. 

Action  of  Heat  and  Germicides,  dtc, — The  Bacillus 
typhosus  in  broth  cuUxire  is  killed  by  a  temperature  of 
53^-54°  C.  in  half  an  hour,  and  of  56^-60^  C.  in  ten  minutes. 
The  germicidal  action  of  various  disinfecting  agents  is 
given  in  the  tal>Ie  in  Chapter  XXII. 

Wines  and  spirits  liave  some  goruiiuidal  action  ou  the 
typhoid  bacillus.  Champagne  destroye  the  bacillus  in  ten 
minutes,  white  wines  in  fifteen  to  twenty  iiiiiinteH,  red 
wines  in  thirty  minutes  or  thereabouts.  If  diluted  with 
water,  the  germicidal  action  takes  much  longer  to  accom- 
]>liHhj  and  thw  acidity,  not  the  alcohol  c^intpnt,  Hoems  to 
be  the  active  factor.^  Spirits,  such  as  whisky  or  brandy, 
if  diluted  with  not  more  than  one  to  two  times  the  volume 
of  water,  kill  in  ten  to  twenty  minutes. 

AtUl-Ti/phoid  Serum. — Attempts  have  been  made  tt) 
lirepare  an  anti-typhoid  serum  by  inoculating  horses  with 
increasing  doses  of  typhoid  bacilli^  tirst  killed  (by  heat, 
chloroform,  i"tc.)  and  then  living,  but  such  sera  have  proved 
quite  useless. 

By  far  the  most  promising  method  is  tbat  of  Macfadyen,' 
wlio  injected  horses  with  increasing  doses  of  typhoid  cell 
juice  obtained  by  triturating  the  bacilli  in  the  presence  of 
liquid  air.  The  serum  acquires  high  bacteriolytic  and 
agglutinating  properties  and  possesses  to  a  marked  degree 
preventive  and  curative  properties  \Yhen  tested  on  animals. 

Chantemesse '  by  cultivating  a  virulent  strain  of  the 
typhoid  bacillus  in  a  special  broth  made  with  ox  spleen, 
heating  the  culture  to  55"  C,  centrifugalizing  and  injecting 
horses  with  the  Huid,  obtains  a  serum  which  he  claims  has 


'  SAbrazte  and  Marcandier,  Ann.  de  Vlnst.  Pasttur,  1907. 
«  Proc.  Roy,  Sac.  Loud,  B.  !xxi.,  1903,  pp.  76  and  361 ;  Brit.  Med.  Jcnim. 
1906,  i.  p.  905. 

"  TrafiM.  XIV.  Internat.  Cong.  Hygitne  and  Demogrnphy. 
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[:urfttive   properties.       Thus,   among    5621    cases 
y  the  expectant  method  the  mortality  wae  17  par 
lie  among  1000  casee  treated  with  this  serum  the 
\N'as   4'3  per  cent.     The   patients   receive   very 
ses  of  the  serum,  fj  or  6  drops,  and  the  dose  is 
only  two  or  three  times.     This  dosage  is  quite 
from  that  of  an  ordinary  antitoxic  or  anti-mierobic 
id  Wright  suggested  that  in  reality  toxhi.^  (and  not 
SB)   in    the   serum    might   be    the   active   agents* 
Ejsse  has  accepted  this  view,  and  the  treatment, 
,  would  tieem  to  be  a  vaccine  one. 
Tifphoid  racci'/(r.— Wright  first  prepared  an  anti- 
vaccine   by  the   following   method.'      A  virulent 
bacillus  (the  virulence  being  kept  up  by  intraperi- 
iBsage  through  ^^ninea-pigs)  is  grown  in  peptone 
h  in  Jlasks  at  ^7^  C.  for  ftom  fourteen  to  twenty- 
The  riasks  are  then  so  heated  that  their  contents 
\A   romain  at  for  a  few  minutes,  a  temperature  of 
r^ihUij^inifom^ox^^ 
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toxicity.  Leiehmtin  nmv  cultivates  for  only  forty-two  liourH, 
and  tliB  bacteria  are  killed  by  heating  to  53°  C.  for  one  hour, 
the  hij^her  temperature  having  proved  to  bo  deU?teriou8  to 
the  efticiency  of  the  vaccine.  The  symptoms  produced  by  the 
inoculation  when  firat  introduced  were  rather  severe,  but  with 
the  U8e  of  improved  methods  are  now  hardly  appreciable. 
Two  doses  of  the  vaccine  should  be  given,  with  an  interval 
of  Beven  to  ten  days  between  the  two.  The  rcsuliH  so  far 
obtained  with  anti-typhoid  inoculation  suggest  that  it  is 
distinctly  protective,  but  Wri^^ht's  BtatisticH  were  not  con- 
sidered by  Karl  FearBon  to  be  sufticientJy  conchreive  judged 
by  statistical  methods. 

Inoculation  is  now  being  extensively  practised,  and  we 
may  hope  shortly  to  have  definite  information  as  to  its 
protective  power.  One  of  the  latewt  results  published  is 
that  of  the  17th  Lancers  in  India,  This  regiment,  which 
waB  exposed  to  a  severe  epidemic  of  enteric,  had  147  officers 
and  men  inoculated  out  of  a  strength  of  509.  There  were 
*32  cases  of  enteric,  with  11  deaths;  all  of  these  occurred 
among  the  inoculated  with  the  exception  of  two,  both  of 
whom  had  refused  a  second  inoculation  and  both  recovered. 


Relapses. 

Various  hypotheses  have  been  advanced  to  account  for  the 
relapses  which  occur  in  typhoid  and  other  diseases  (e.g.  Malta 
and  relapsing  fevers).  Chantemesse  and  Widal  ^  showed  that  if 
the  B.  typfiosua  is  injected  into  an  animal  together  with  toxins 
of  the  Streptococcus,  B.  colu  or  Prolcust  its  virulence  is  much 
enhanced.  If,  then,  immunizing  and  bactericidal  properties  of 
the  blood  and  tiasnrs  arc  but  slightly  ac(|uiretl  during  the  attack, 
an  absorption  of  toxic  suLstancea  from  the  alimeaUry  tract  may 
be  sufiBcient  to  give  the  typhoid  bacilli  still  present  a  fresh 
start,  and  S3  produce  a  relapse.  This  Sanarclli  '^  was  able  to 
do  experimentally.     If  an  animal  bo  injected  with  a  sub-lethal 

»  .-inn.  d€  Vhist.  Pasteur,  vi.,  1892,  p.  753. 

*  Tbid.  vi.,  1892.  p.  721.  nnrl  ibui.  viii,,  1894.  p.  193. 
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B.  iJjphosuSj  and,  after  recovery^  he  then  iDJ&cted  with 
[?.  coUj  or  Proteus^  tbe  animal  suflfers  from  a  fresh 
t^mia,  the  typhoid   bacilU   still   present  revive   and 

virulence,  and  tbe  animal  dies.  Wnghfc  and  LatDb 
lUited  another  hypothesis.^  The  or^auisms  in  typhoid, 
!  relapsing  fevers,  are  deposited  in  the  spleen  and 
gans,  iijultiply  and  form  oolaniea  thete^  which  Ijecome 
rom  the  bactericidal  substances  by  the  formation  of  a 
icterial  envelope.  '  Aa  a  result  of  this  the  spleen  will 
i  a   whole,   less   agglutinating    substances    than   the 

blocML  AVhen  the  antibacterial  substances  in  the 
lymph  have  increased  to  8uch  an  extent  aa  to  penetrate 
1  the  non-anti-bacterial  envelopes  which  aurpound  these 
le  production  of  toxins  will  be  so  diminished  that  the 
e  will  fall.  If,  however,  for  some  reason  or  other,  even 
lony  escapes  the  full  anti-bacterial  power  of  the  l^inph, 
may  be,  to  being  shut  oil'  in  a  capillary  which  has 
Dcked,  Of  in  some  other  part  not  fret^Iy  washed  by  the 
f  the  lymph  stream,  the  bacteria  of  this  colony  woiiUl 
tiplying  until  the  blood  has  become  modified  in  such 
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these  will  each  protect  against  the  race  with  which  thB  serum 
has  been  prepared,  but  may  not  against  some  other  races.  It  may 
be,  therefore,  that  in  a  typhoid  infection,  for  example,  a  particular 
race  of  typhoid  bacilli  is  in  excess,  and  when  the  nnli-bodies  for 
this  particular  race  have  been  formed  in  sufficient  quantity  the 
disease  prucesa  comes  to  an  end.  Thero  may,  however,  be  present 
at  the  same  time  other  races  which  have  produced  little  of  their 
specific  anti -bodies  ;  these  then  begin  to  grow  and  multiply,  and 
a  relapse  ensues. 

In  the  case  of  relapsing  fever,  the  organism  ia  probably  a 
protnzoon,  and  in  this  and  other  pn.>tozoftn  diseases  relapses  may 
coincide  with  developmental  cycles  of  the  parasite,  e.g.  in  malaria. 

Clinical  Diagnosis, 

1.  Blood  Cultures. — 8  to  5  c.c.  of  blood  are  withdrawn  from 
a  superficial  vein  with  a  syringe  with  aseplic  precautions,  and 
0*5  c.c.  of  the  blood  so  obtained  is  sown  into  each  of  several  tubes 
containing  15  to  20  c.c.  of  swrile  brnth.  The  tubes  are  incubated 
at  37^  C,  and  if  organisms  develop,  these  are  isolated  and 
examined  culturally  for  the  typhoid  bacillus,  Coleman  and 
Buxton  recommend  the  following  culture  medium :  Ox-bile 
90  c.c,  glycerin  10  c.c,  and  peptone  2  grama.  Distribute  in  small 
flaaks,  20  c.c.  in  each,  and  sterilize.  Each  flask  is  inoculated 
with  2  to  3  c.c.  of  blood,  incubated  for  eighteen  to  twenty-four 
hours,  then  streaks  from  each  are  made  on  to  litmus  lactose  agar 
plates,  which  are  incubated  for  a  few  hours,  If  the  growth  does 
not  redden  the  medium  and  a  typhoid-like  bacillus  ia  present, 
it  is  tested  for  agglutination  with  typhoid- immune  serum. 

2.  Aggluiinaiion  Beaction. — This  ia  carried  out  by  the 
microscopic  or  the  macroscopic  (sedimentation)  method  described 
at  p.  172.  Dilutions  of  1  :  30  and  1  :  50  should  be  made,  and 
some  make  a  1  :  100  in  nildition.  The  microscopic  method  is  the 
more  rapid.  Various  apparatus  (agglutinometers)  can  be  obtained, 
consisting  of  measuring  devices  and  a  supply  of  dead  culture,  with 
which  the  sedimentation  test  can  be  carried  out  by  anyone,  and 
seem  to  be  satisfactory. 

3.  Ophthainxo-Duigiiosh, — Chantemesse  (locciL)  has  devised 
a  method  analogous  to  the  ophtbalmo-diagnosis  for  tuberculosis 
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(p.  307).  A  virulent  typhoid  imcilliis  is  grown  on  agar  in  plate 
bottles  (fig.  14,  p.  71)  at  87°  C.  for  eighteen  to  twenty  hours. 
The  growth  is  then  washed  otf  each  hottle  with  4  to  5  c.o.  ol 
distilled  water,  the  combined  wasliinga  are  heated  to  60°  C. 
for  half  an  hour  and  afterwards  centrifui^alized,  and  the  deposit 
is  collected  and  dried.  The  dry  retiidue  ia  triturated  with  NaCl 
(powder  3  grm.,  NaCl  1  grm.),  and  during  the  trituration  sterile 
distilled  water  is  atlded  liitle  by  little  to  the  extent  of  100  c.c. 
per  8  grin.  This  suspension  is  heated  to  00^  C.  for  two  hours, 
allowed  to  stand  for  two  dayH,  being  boated  on  each  to  60'*  C.  for 
half  an  hour,  the  clear  liquid  decanted  from  the  sediment  and 
centrifugalized.  The  fluid  is  then  mix&d  with  ten  times  its 
volume  of  absolute  alcohol,  the  precipitate  allowed  to  settle, 
collected^  and  dried  in  vaaio.  The  dry  substance  is  powdered  in 
an  agate  mortar,  aud  for  use  S  to  10  mgrm.  are  dissolved  in  1  c.c. 
of  sterile  water.  Of  this  solution  a  drop  is  instilled  into  the 
conjunctival  sac  ;  and  in  a  case  of  typhoid,  after  a  lapse  of  two 
to  three  hours  the  conjunctiva  becomes  red  and  tlierc  is  a  sensa- 
tion of  heat,  after  six  to  ten  hours  there  is  a  marked  conjuncti- 
vitis which  may  persist  for  one  to  three  days  and  then  jiasses  oflf. 
In  healthy  persons  and  other  diseases  no  conjunctivitis  ensues. 

4.  Puncture  of  the  Spleen  witha  sterilized  ht/potlenniv  needle 
and  syriiuje, — A  little  of  the  blood  and  pu!p  is  withdrawn  with 
the  syringe,  and  cultivations  made  as  in  1.  This  method  seemsl 
hartlly  justifiable,  and  now  that  the  bluod-culture  methnd  and 
agglutination  reactiou  have  been  introduced  shutild  be  discarded. 

fi.  Examitiation  of  Pwi\^Cultivations  may  be  made  as  in  1 
if  the  bacillus  ia  present,  apparently  in  pure  culture.  If  not,  plate 
cultivations,  preferably  on  litmus  lactose  agar,  Conradi-Drigalski 
agar,  or  malachite-green  agar,  may  be  prepared  (see  *  Water  *). 

0.  Exatuination  of  the  Stools. — This  is  not  a  practicable 
method  for  clinical  diagnosis,  it  takes  too  long,  is  tedious  and 
uncertain.  Plato  cultivations  from  the  diluted  stools  are  made 
on  Conradi-Drigalski,  or  on  malachite -green,  agar  (see  '  Water  '). 

Thr  Gartnrr  or  Enteritidis  Group  of  Bachu, 

The  Gtirtner  group  of  bacilli,  of  which  fche  type  is  the 
B.   enUritidiH    of    Gartner,    are    Ijacilli    morphologically 
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resembling  the  B.  typJiosus,  i.e.  Ihes'  are  ijleoraorphic, 
actively  motilG^rnuUi-fliigellate,  nou-sporiug,  und  noii-(  Jrani- 
stuining,  hut  culturally  are  intermediate  l)efcween  BJf/pkosus 
and  Ji,  coil.  ThuB,  like  B.  coli^  they  ferment  glucose  with 
the  production  of  gas  and  acid  and  change  neutral  red  ;  like 
B.  itjpkoHus  they  may  not  attack  lactose  and  do  not  curdle 
milk  ;  on  potato  they  may  form  a  thick  yellowish  growth 
like  that  of  B,  coli^  or  a  thin,  grey,  inviHibi«  growth  like  that 
of  B.  typhosus.  In  litmus  milk  they  usually  first  produce 
slight  acidity,  followed  after  three  to  four  days  by  a  change 
to  alkalinity,  and  the  milk  ultimately  becomes  Hmpid. 
The  fermentation  reactions  of  the  chief  members  of  the 
Gartner  group  are  given  in  the  table  on  ji.  S54.  The 
organisms  of  the  Gartner  group  may  be  divided  into  four 
sub-groups  : 

1.  Enteritidis  ^rro?/^,— Produce  acute  gastro-intestinal 
disturbance  in  man.  The  cause  of  epidemic  meat-poisoning, 
e.g.  the  B,  enteritidis  of  Gitrtner. 

2.  Fneitmonk  group.^VxoAMve  pneumonic  symptoms 
in  man.  The  cause  of  some  outbreaks  of  ei>idemic  pneu- 
monia, e.g.  B.  psittacosis. 

3.  Paratyphoid  group, — Produce  a  disease  resembling 
typhoid  fever  in  man.     Subdivisions  a  and  n. 

4.  Group  non-pathogenic  to  man,  e.g.  B,  suicholeroi 
and  B.  typhi  murium. 


The  Bacillus  Enteritidis. 

A  number  of  outbreaks  of  what  has  been  termed  *  epi- 
demic meat  poisoning '  have  been  traced  to  infection  with 
the  B,  enteritidis.  The  disease  takes  the  form  of  an 
acute  gastro-enteritis — urticaria,  abdominal  pain,  vomiting, 
diarrhopa,  nervous  symjitomn  and  collapse— occurring  from 
eight  to  thirty-sis  hours  after  partaking  of  a  meat  meal, 
usually  pork  (sausage,  pork-pie,  ham),  occasionally  beef 
and  tinned  meat.    The  principal  outbreaks  of  Ibis  natm*e 
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those  at  Jena,  in  1888,  investigated  by  Giirtner, 
t'hich  he  isohitfld  the  iy\)e  form  of  the  li,  enteri- 
3lbeck,   in    1880  ;    Middlesboroagh,    in    1888  ; 

in  lfi96;  and  Derby  in  1903-  A  Bmall  out- 
irred  at  Bedford  in  1907/  These  outbreaks 
y  caoBed  by  varieties  of  the  B.  enteritidis 
i  general  characters  of  the  gi"oup,  Tvhich  mar 
*  may  not  ^  ferment  lactose,  and  are  distinguished 
ij^frlutiiiation  reaetiona,  the  organism  isolated 
gghitinating  well  with  the  patient's  serum, 

entcntiilL^  in  morphology,  motility,  and  Btain- 
ns  resembles  the  B,  tijpkositSf  forms  no,  or  only 
indole,  and  changes  neutral  red  to  a  fluorescent 
■olour,  LitmuB  milk  after  a  fainl  acidity  becomes 
fid  in  converted  into  a  thin  watt^ry  translaceut 
iiiL  roa^uUition, 
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B66m  to  be  fch*^   preferable    designation  for  those  micro- 
orgaDisms  that  produce  typhoidal  aymptoras. 

Para-typhoid  infections  may  Himulate  typhoid  fever  in 
almost  every  particular,  but  are  usually  mild  and  non- 
fatal. They  bometimeB  occur  in  epidemics,  may  be  Bpread 
by  drinking-water,  and  occur  in  all  parts  of  the  world. 

I'liii  para-typhoid  bacilli  are  morphologically  like  the 
typhoid  bacillus  and  ai'e  actively  motile,  but  they  ferment 
glucose  with  the  production  both  of  acid  and  of  gas.  A 
number  of  racen  have  been  isolated  differing  from  one 
another  in  their  source,  rate  of  fermentation  of  glucose,  action 
on  milk,  action  on  neutral  red,  and  agglutination  reaction, and 
are  dintinguished  by  the  names  of  those  who  isolated  them. 

Two  groups  of  the  para-typhoid  may  be  distinguished 
which  have  been  termed  a  and  h  by  Buxton.  Group  a 
produces  less  gas  in  glucose  media  than  group  u  ;  with 
group  A  milk  remains  permanently  acid ;  with  group  n  it 
becomes  alkaline  after  a  transient  acidity  ;  and  though 
group  A  changes  neutral  red  to  yellow,  the  red  colour 
tends  to  return  after  three  weeks  or  bo,  while  with  group  n 
the  3'ellow  colour  is  permanent.  That  is  to  say,  in  their 
reactions  group  a  is  more  closely  allied  to  the  typhoid 
bacillus  than  group  ii. 

The  fatal  cases  seem  usually  to  have  been  uifected 
with  the  It  group.  The  fennentation  reactions  of  some  of 
the  para-typhoid  bacilli  (Day,  Schottmuller,  and  Brion  and 
Kayser)  are  given  in  the  table  on  p.  Iir>4. 

As  regards  the  agglutination  reaction,  the  blood  of  the 
para-typhoid  fever  patit'tiL  either  does  not  agglutinate  the 
typhoid  bacillus  or  agglutinates  it  only  in  low  dilution— 
e.g.  1  in  30  or  40,  while  it  agglutinates  the  para-typhoid 
bacilli  in  far  higher  dilution  — e.g.  1  in  100  or  200,  or  even 
higher,  thus  in  Cushing's  case,  the  patient's  serum  agglu- 
tinated the  para-typhoid  bacillus  isolated  from  it  up  to 
1  in  8000. 
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The  diAgnoBiB  of  para-typhoid  fever  would  be  leased  on 
(a)  tlie  agglutination  reaction ;  {b)  the  isolation  of  a  para- 
typhoid bacillus  by  cultures  from  the  blood  (p.  845). 

Swine  Fever.' 

Swine  fever,  or  hog  cholera  (to  be  distinguished  from 
Bwine  plague  and  bwine  erysipelas,  whi«h  see),  is  an  in- 
fective disease  of  pigs,  highly  contagious,  and  causing 
cuHHiderable  mortality.  The  duration  of  the  atTec:tion  is 
usually  three  to  four  weeks ;  the  animals  lie  about,  their 
temperature  is  raised,  and  they  may  suffer  from  cough  and 
frequent  reHpiration,  and  some  lameness  in  the  hind  legs. 
Towards  the  end  mucous  diarrhoea  is  a  prominent 
symptom.  Post  mortem,  the  large  intesline  is  found  to  be 
ulcerated,  the  ulcers  much  resembliag  the  typhoid  ulcers 
of  man,  and  according  t-o  Klein,  pneumonia  is  commonly 
present,  whence  he  termed  the  disease  '  pneumo-enteritis.* 
McFadyoan.  however,  from  his  own  experience  and  that  of 
the  Board  of  Agriculture,  considers  pneumonia  very  infre- 
quent. The  lesions  are  very  distinctive,  and  their  most 
constant  seat  is  the  caecum  and  colon.  The  commonest 
form  of  the  intestinal  lesion  is  a  well-defined  circular 
necrosis  involving  the  whole  thickness  of  the  mucous 
membrane  and  occasionally  extentling  to  the  wall  of  the 
bowel.  A  diffuse  diphtheroid  lesion  comes  next  in  fre- 
quency, being  in  reality  a  superiicial  nocrosia  with 
deposition  of  a  thin  layer  of  fibrinous  exudate  on  the 
surface.  All  gradations  are  found  between  the  well-defined 
circular  necrosis  and  the  diffuse  diphtheroid  lesion. 

An  organism  constantly  present  ia  a  member  of  the  Gartner 
group  (B,  sutchoUrcB)t  bat  it  seems  to  be  a  terminal  infection 
and  not  the  true  rptiological  agent,  as  the  blood  and  tissues  filtered 
through  a,  porcelain  filter  are  still  infective — i.e.  the  organism  is 

Sec  Uhlenhuth.  TVaru.  XIV.  Tnteniat.  Cong,  of  Ilygitnt  (Berlin,  1907), 

Hd,  iv.  p.  50. 
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probably  altra-microscopic.     The  B.  snichokra  is  apparently  iden- 
tiail  with  tbo  B.  ictcrofdcs  nf  Sanftrelli.     (See  also  Chapter  XX.) 

Although  the  lesions  are  very  similar,  swine  fever  has 
nothing  to  do  with  typhoid  fever  of  man,  nor  with  ulcerative 
colitis. 

Other  organisms  belonging  to  the  Gartner  group  are: 

1.  The  Danysz  bacillus  used  as  a  virus  for  exterminating  rats 
(the  Danysz  virus). 

2.  The  B.  icterokUs  of  Sanarelli,  supposed  by  him  to  be  the 
causB  of  yellow  fever,  but  apparently  identical  with  the  B.  sui- 
cholera',  (see  *  Yellow  Fever  *). 

3.  The  B.  iyj)hi  murium  of  Loffler,  used  as  a  vims  for  ex- 
terminating; mice. 

4.  The  B,  psittacosis  of  Nocard,  causing  an  infective  disease 
of  parrots  and  transmissible  to  man  (bird-fanciers  iVc),  in  whom 
it  produces  a  severe  and  often  fatal  broncho-pneumonia, 

6.  Kfummer  Diarrh<xa, —  Morgan  ^  in  cases  of  summer  diarrhoea 
of  infants  has  isolated  a  bacillus  which  appears  to  be  most 
closely  allied  to  the  hog-cholera  bacillus,  differiug  from  the 
lattt^r  by  producin*^  alkalinity  in  litmus  milk  (without  previous 
acidity)  and  much  indole^  and  by  failing  to  produce  acid  and  gas 
from  arabinosB,  maltoao,  and  dixtrin. 

Bacillus  dysenteric. 

In  one  type  of  dysentery,  the  so-called  epidemic  or 
baciilary  form  (see  '  Dysentery/  Chap.  XX.)i  a  bacillus, 
B,  dysenterieef  seems  to  be  the  causative  agent.  The 
B.  (fyscnterite  includes  a  group  of  closely  allied  organisms. 

The  dysentery  bacillus  was  first  isolated  from  the 
stools  in  1897  by  Shiga  in  Japan.  Somewhat  later  Kruse 
isolated  an  almost  identical  baeilluH  in  Germany,  and  this 
type  is  known  as  the  Shiga-Kruse  type.  During  the  last 
few  years  similar  organisms,  but  differing  from  the  Shiga- 
Kruse  type  in  some  of  their  fermentation  reactions,  have 

'  Brit*  Med.  Jvum.  1906,  i.  pp.  90H  and  1131 ;  iOid.  1907.  ii.  p.  16. 
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BomQtimes    termed    '  pseudo- 


been    isolated  ;  those 
dysentery '  bacilli. 

The  Shiga-Knise  and  other  types  of  dysentery  baeilli 
have  been  iaohited  by  FlexJier  and  Strong  in  ihe  Philip- 
pines, Park,  Duval,  Bassett.  Martini,  Hiss,  Eussell  and 
otherH  in  tlio  United  Slates,  Castellani  in  Ceylon,  Rogers 
and  others  in  India,  and  Eyre,  McWoeney  and  others  in 
the  British  Isles, 

MorpJtohgy, — The  dysentery  bacilli  resemble  the  colon 
bacillus  in  morphology  and  staining  reactions.  They  are 
non-motile,  Imt  Brownlan  inaveniend  is  often  active,'  non- 
sporing,  and  readily  destroyed  by  heat  (58'- 60"  C.)  and 
antiseptics. 

Cultural  Characters.  —  The  dysentery  bacilli  are 
ai-robic  and  facultatively  anaerobic.  On  agar  a  thinnish 
creamy  growth  develops ;  on  gelatin  a  white  growth  nearly 
limited  to  the  inoculation  track,  and  without  li<iuefaction. 
The  colonies  on  a  gelatin  |)late  closely  resemble  those  of 
the  typhoid  bacillus.  On  potato  the  growth  is  either  thin, 
grey,  and  slightly  visible,  or  thicker  and  yellowish  or 
brownish.  The  colour  of  neutral  red  media  is  unaltered. 
Litmus  milk  lirst  becomes  faintly  acid,  then  marke<lly 
iilkalino;  no  clotting.  Indole  ia  gtjierally  not  formed; 
occasionally  a  trace  may  be  detected.  All  strains  ferment 
glucose  with  the  formation  of  acid  only,  no  gas  ;  none 
ferments  lactone.  Some  strams  (the  Flexner  type)  ferment 
mannitol  with  the  formation  of  acid  only,  no  gas ;  other 
strains  (the  Hhiga-KrusG  type)  have  no  action  on  this 
substance.  The  fermentation  and  other  reactions  are 
given  in  the  table  on  p.  854,  and  are  contrasted  with  those 
of  the  B,  typhosus,  B,  enteritidis,  B.  coU,  and  other 
organisms. 

Agglutination  Reaction, — The  agglutination   reaction 

'  Fliigella  have  been  described  by  some  observerft,  but  cannot  usuallj 
be  demonstrated. 
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is  given  by  the  blood  of  patients  Buffering  from  the  bacillary 
form  of  dyhentery,  butnoLby  the  iinuibit;  form  (unk'.BS  a 
double  infection  be  present,  which  occasionally  is  the  case). 
The  iisghitinrttion  reaction  ia  obtaineil  in  (iihitionn  of  1  in 
10  to  1  in  100,  but  may  occur  only  with  the  particular 
strain  causing  the  infection.'  Tims  hy  the  agglutination 
reaction  variations  between  different  strains  of  the 
B.  dysenteruf  may  be  detected. 

Pathogenic  Action. — No  characteristic  lesions  are  pro- 
duced in  animals  by  administration  of  the  dysentery 
baciUusjijer  o.s.  In  man,  cultures  given  by  the  moutli  are 
stated  to  have  induced  a  typical  dysentery.  Animals, 
such  as  rabbits,  guinea-pigs  and  mice,  are  very  sensitive 
both  to  living  and  to  killed  cultures ;  in  fact,  it  is  very 
difficult  to  immunize  animals  against  the  organism. 
Amounts  of  0'l-0-!2  mgrm.  of  an  agar  culture  given  intra- 
venously or  intra-peritoneally  are  fatal  to  these  animals. 

In  man  the  organism  is  abundant  in  the  )>loody  mucoid 
discharge  fi"om  the  bowel,  and  at  an  early  stage  is  easy  to 
isolate  by  means  of  Conradi-Drigalski  agar  plates,  on 
which  it  forms  small  blue  colonies  :  at  a  later  stage  (after 
two  to  throe  days)  the  otlier  organisms  in  the  bowel 
multiply  to  such  an  extent  that  isobition  may  become  very 
difficult. 

Toxins, — The  tiltrate  of  dysentery  cultures  (four  to 
six  weeks  old)  in  a  somewhat  biglily  alkaline  broth  (broth 
just  alkaline  to  litmus +  7  c.c.  normal  NaOH  per  litre)  is 
markedly  toxic,  0*1  c.c.  being  a  fatal  dose  for  a  large 
rabbit.^ 

Anti-Serum  and  Vaccine. — The  serum  of  horaes 
immunized  with  the  toxin,  or  with  dead  and  then  with 
living  cultures,  possesses  marked  antitoxic  properties,  and 
the  use  of  this  antitoxic  serum  has  been  successful  in  cases 
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>  See  Hewlett.  Trans.  Path.  Soc,  Lmd,  Ir..  1904.  p.  h\. 

>  Todd,  Joiini.  of  Hygiene,  iv..  1904.  p.  480  (Bibliog.) 
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of  acute  hacilliiry  dynentiu'v.  Hhij^n  oFitiiincd  a  reduction 
in  mortality  from  '22  to  7  per  cent,  by  Ihe  use  of  serum  in 
a  severe  epidemic' 

When  the  disease  has  become  chronic  the  use  of  a 
vaccine,  consisting  of  a  culture  sterilized  by  heat,  is  Bome- 
timeK  beneficial.  CaBtellani  iilsu  suggeHts  the  use  of  a 
vaccine  for  prophylactic  purposes. 

Para-Dyscttti'rjf  Bacilli.  —  In  the  dysonfcorjea  of  Ceylon, 
Castellani  ^has  sometimoa  isolated  dysentery  bacilli  nearly  related 
to  the  Shiga-Kniae  type,  but  showing  dififerences  from  it  in 
iijLiglutination,  persistence  of  acid  reactiun  in  litmus  milk,  and 
virulence;  these  be  has  Uirmed  'para-dysentery'  bacilli. 

Ast/lutfis  Dyseutery  and  Savivier  Diarrho;a  of  Infants,— 
Both  in  America  and  in  England  some  casea  of  summor  diarrbtra 
of  infanta  are  found  to  be  associated  with  the  B.  dysenteric. 
The  asylums  or  inBtit-utirjnal  dysentery,  or  ulcerative  cohtis,  is 
also  due  to  this  organinni,  and  the  blood  of  patients  gives  the 
agglutination  rciiction.^  In  Ijoth  instances  the  B.  dysenUri^B 
present  is  of  the  Shiga-Kruae  type. 


Bacillus  coli. 

The  Barinus  roii,  or  colon  bacilhiH  {B,  t'oli  comrnunis), 
IB  an  orffanism  of  considerable  importance,  both  in  con- 
nexion with  the  Bacillus  typhosus,  in  pathological  pi-ocesaes, 
and  in  water  supplies  as  an  indication  of  pollution. 
As  its  name  implies,  it  in  a  constant  inhabitant  of  tlie 
intestinal  tract  in  man  and  animals,  and  is,  perhaps,  one  of 
the  most  widely  distributed  organisms  in  nature.  W'lule 
the  term  'colon  bacillus  'is  applied  to  a  fairly  well-defined 
organism  (the  '  typical  B.  coli '),  there  are  a  number  of 
allied  organisms  ditToring  from  the  tyj^e  in  one  or  more 
characters— e.g.  motility,  indole  production,    fermentation 

'  On  vuocioe  prophylaxis  and  Beriim  treatmeQi,  8c«  Detui,  Joum.  lioy. 
Army  Med.  Corps,  ix.,  1907,  p.  672. 

*  Joum.  of  Hygiene,  iv.,  l'J04.  p.  495, 

'  Hewlett,  Trans.  Pntfi,  Hoc.  Lond,  Iv.,  1904.  p.  '51. 
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reactions,  rale  and  extent  of  milk  curdling,  &c. — and  these 
varieties  are  said  to  belong  to  the  '  colon  grouj^/  or  are 
termed  'coliform.' 

The  B.  roll  may  be  readily  isolated  by  inoculating 
litmua  lactose  bile  salt  i>epLone-\viiter  tubes  with  u  trace  o* 
a  8U8i>en8ion  of  fresh  fseces,  growing  for  twenty-four  to 
foriy-eight  liours  at  42'  C,  and  plating  Iho  culture  out 
on  litmus  lactose  agar,  on  gelatin,  or  on  ConraiU-Drigalski 
agar,  or  by  direct  plating  of  the  f^ces  auspensiun  on  the 
last-named  medium  (see  also  '  Water  *). 

Morphology.— The  typical  form  of  the  colon  bacillus 
has  the  following  characters  : 

It  is  a  short,  rod  with  ronn<led  ends,  *2  or  !^  ^  long  and 
0-4  to  0*0  /i  broad,  frequently  linked  in  paii's  or  more,  it 
is  often  so  short  that  it  is  merely  ovoid  in  shape ;  and,  on 
the  other  hand, lon^^er  iiidividiDtls  and  involution  forms  occur 
0  fjL  or  more  in  length  i^Plate  \II.,  b).  It  is  feebly  motile, 
and  iwssesses  lateral  flageUa  to  the  numl>er  of  three  to  four 
on  an  average,  which  are  shorter  and  ntraighter  than  those 
of  the  typhoid  bacillus  (non-niotiln  varieties  are  of  frequent 
occurrence).  It  is  sometimes  met  with  in  a  diplococcoid  form, 
which  by  cultivation  in  aHcitic  fluid  may  become  fixed. 
An  apparently  capsulated  form  was  described  by  Jonner.^ 

Spore  formation  does  not  oeeur,  bat  vacuolation  may 
sometimes  be  observed.  The  organism  is  well  sl-ained  by  the 
ordinary  anilin  dyes»  but  is  decolorized  by  Gram's  method. 

Cultural  Characters, — The  B.  coli  is  aerobic  and 
facultatively  anatTobic,  and  grows  readily  on  the  ordinai-y 
culture  media  from  '20'  to  HT"  C  In  gelatin  plates  the 
colonies  are  visible  in  twenty-four  to  forty-eight  hours. 
The  deep  colonies  are  spherical,  granular,  and  of  a  pale 
brownish  colour,  darker  at  the  centre  than  at  the  peri- 
phery. The  BUi>erficiaI  colonies  are  at  first  punctate,  round 
and  almost  transparent ;  by  rapidly  sprejiding,  they  soon 

'  Journ.  Pfith.  mui  Bact.  v..  18HH,  No.  a,  p.  257. 
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a.  TiiK  AaoMrriSATioN  Rkactiox. 
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attain  a  diameter  of  3  mm.,  and  their  margins  become 
irregular,  the  surface  is  smooth,  they  are  finely  granular, 
opalescent  in  appearance,  and  thicker  at  the  centre  than 
at  the  periphery  (fig.  41).  On  a  gelatin  streak  a  copious 
white,  shining,  smooth  growth  develops,  the  margins  of 
which  are  irregular  and  crenated  (Plate  XII.,  c),  and  in  old 
cultures  the  medium  becomes  opalescent.  In  a  gelatin 
stab-culture  a   white  gi'owth   develops  along  the  line  of 


FtO.    4L— C0I/>NTBS  OF   THE    COLON    BaCJIXUS,    SUPEItnCIAL   AKD   DSEP. 

inoculation  with  one  or  more  gas  bubbles.  The  gelatin  is 
not  liquelied.  On  agar  and  on  blood  serum  a  thick,  moisl, 
shining,  gi'eyish  layer  forms.  There  is  abundant  formation 
of  gas  in  a  stab-culture  in  glucose-agar  and  in  gelatin  shake 
cultures  (fig.  42),  provided  the  medium  be  made  with  meat ; 
*  lemco  *  gelatin,  however,  generally  fails  to  give  gas.  On 
arid  potato  it  forniK  a  straw-yellow  or  brownish-yellow  moist, 
thick  growth,  but  if  the  potato  is  not  fresh  and  acid  in 
reaction  the  growth  may  be  colourless.  Milk  is  a  good 
cultivating  medium,   and    is    curdled    in    twenty-four    to 
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Beventy-two  hours.  This  curdlmg  is  principally  due,  not  to 
an  enx\ai3e,  but  to  the  FormHtinii  of  n  cimsidHnible  amount 
of  hietic  acid,  though  a  milk-curdUng  enzyme  has  been 
described  by  Savage  '  as  being  formed  under  certain  condi- 
tions. The  gas  which  Ib  produced  in  culture  media  under 
anat-robic   conditions   consists    of    bvdrost'H    and    carl>on 
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Fio.  42. — Colon  Bacilm;s.     Gixatix  Shake  Coitfre 

dioxide.  Under  aerobic  conditions  marsh-gas  is  stated  to 
be  also  formed.  The  ratio  of  H  to  CO..  is  about  2 :  1  for 
dextrose  and  lactose.  In  broth  it  produces  a  general 
turbidity  without  film  formation,  and  the  culture  gives  the 
indole  reiiction  on  the  addition  of  a  nitrite  in  twenty-four 
to  forty-eight  hours. 

The  fermentation  rea^'tions  are  given  in  the  table,  p.  854< 
It  will  be  neen  that  the  B,  cuU  is  an  active  fermenter  of 
many  carbohydrates,  alcohols,  and  glucosides/-  e.g,  glucose, 
lactose,  galactose,  uuvnnilol  v^JUt  not  dulcitol).  Cane-sugar 
may  or  may  not  be  fermented  ;  Hometinies  only  acid  is 
formed,  sometimes  both  acid  and  gas  are  produced,     To 

'  Joiun.  Pathol,  and  Bad.,  November,  1904. 

*  Sec  Twort.  Prof.  Hoy.  .Si>r.  Lottd.  B.  Uxviii.  p.  H29. 
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the  variety  proclncin^  Ijoth  acid  aud  gas  from  cane-sugar 
Durham  gave  the  name  B.  coli  communior.  Prescott  and 
WhihIow  c'-onbider  that  the  term  7^.  coli  hIiouUI  be  applied 
only  to  an  organism  that  does  not  attack  ketonic  sugars. 
Neutral  red  in  f]jlucose  broth  is  changed  to  a  tluoreHcent 
yellow,  and  Houston  describes  a  typical  B,  coli  as  *  flaginac/ 
i.e.  producing  fluorescence  in  neutral  red  glucose-peptone 
water  (fl),  acid  and  gas  from  glucose  (ag),,  indole  in  peptone 
water  (in\  and  acid  and  curd  in  milk  (ac).  The  colonies  on 
Conradi-Drigalski  agar  are  large  and  red  (see  '  Water  ').  The 
B.  coli  does  not  give  the  Voges-Proskauer  reaction  (p.  B64). 
The  differentiation  of  the  B.  coli  from  the  B.  typJtosus 
should  present  no  difficulty  if  the  morphology  and  motility 
of  the  organisms,  and  their  fermentation  aud  agglutination 
reactionB,  be  compared.  Bacteriologists  usually  make  use 
of  the  following  testa  for  the  differentiation  of  B.  coli : 
(1)  morphology-,  (2)  motility,  (3)  Gram  staining,  (4) 
character  of  growth  and  colonies  on  gelatin,  (5)  liquefac- 
tion of  gelatin,  {iW  action  on  milk,  (7)  indole  f<irniation, 
(8)  fermentation  of  glucose,  (9)  fermentation  of  lactose  aud 
saccharose,  (10)  action  on  neutral  red.  JlacConkey  auggests 
that  instead  of  tests  Nos.  4,  G,  7,  H,  and  10,  the  following 
should  be  substituted :  (a)  fermentation  of  dulcifcol, 
adonit,  and  inulin ;  {h)  the  Voges-Proskauer  reaction. 

Other  media  which  have  been  recommend&l  for  the  differentia- 
tion of  B.  coli  from  B.  typhosus  are  the  Prosbauer-Capaldi  media 
and  Petruschky's  litmus  whey. 

The  Proskaiier-Capaldi  media  have  the  following  compositions  : 


Medtum  No.  1, 

Asparagin     .... 

0'*iO  gram 

Mannitol      .... 

.     0-20     ,. 

Sodium  chloride   . 

.     0-02     „ 

Magnesium  sulphate    . 

.     0-01     „ 

(.'alciiun  chloride  . 

.     002     ., 

Potassium  mono-phosphate  . 

.     0-20     .. 
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Thnsp.  MnVist&i:ce3  are  dis?olved  in  100  c  c.  of  rliatilled  water, 
and  the  solution  i.s  sterilized  for  aa  hour  and  a  half  in  tbe  steam 
sterilixer.  The  medium,  which  has  a  slightly  acid  reactioo,  is 
then  carefully  neutralized  with  caustic  soda. 

Medium  No.  2  contains 
Witie's  peptone      ....     2*0  grains 
Mannitoi O'l  gram 


The  constituents  are  dissolved  in  100  c.c.  of  distilled  water,  and 
the  solution  is  sterilized  in  tbe  stoam  sterili/er  for  an  hour  and 
a  half.  The  medium,  which  has  a  slightly  nlkaline  reaction,  is 
carefully  neutralized  with  a  solution  of  citric  acid.  To  each 
medium  sufficient  litmus  solution  is  added  to  give  a  deep  puq)lish- 
red  colour,  the  media  are  again  sterilized  for  half  an  hour,  filtered, 
and  filled  into  atorilo  test-tubes. 

If  those  media  be  inoculated  ^vith  B,  ti/p}u)Siis  and  B,  colt 
respectively  and  incubated  at  87"  C.  for  twenty-four  hours, 
the  following  changes  will  be  noted : 


B.  typhostts 
B,  coli    . 


Mfdiiun  No.  1. 

No  growth  or  change 
in  reaction. 

(.Irowth  with  acid 
reaction. 


Medium  No.  2. 

Growth  with  strongly 
acid  reaction. 

Growth  with  neutral 
or  faintly  alkaline 
reaction. 


Petruschky's  litmus  whoy  is  prepared  as  follows:  Fresh  milk 

is  wanned   and   the   casein   precipitated   by   the  addition   of   a 

minimal  amount  of  hydrochloric  acid.     It  is  filtered,   and   the 

filtrate  of  clear  whey  is  carefully  neutralized  with  dilute  caustic 

soda  solution.     The  fiuid  is  tfiun   Rteamt-d   for  two   hours  and 

filtered ;  the  filtrate  should  be  clear,  colourless,  and  neutral  in 

reaction.   Enough  uontral  litmus  solution  is  then  added  to  render 

it  well  coloured,  and  the  mixture  is  distributed  into  test-tubes 

and  sterili/.ed.     This  medium   is  rendered  slightly  acid  (repre- 

N 
sented  by  C-10  c.c.       caustic  ajda  per  cent.)  by  B.  typhosus,  very 

acid  (40-60  c.c.  ditto)  by  B.  coli. 
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The  thermal  fleath-|x>int  of  the  orgftnism,  awordiuR  to 
Weisser  and  Sternberg,  is  (JO''  C.  with  a!i  exiK>sure  of  ten 
minutes.  The  B.  roll  will  grow  freely  in  a  slightly  acid 
medium,  and  in  media  containing  as  much  as  0'15  per  cent. 
of  carbolic  acid.  In  this  respect  it  is  a  more  resistant 
organism  than  the  B,  typhostm. 

Chemical  Products.  The  acids  produced  are  mainly 
laevo-laetic  acid  with  mine  dextro-lactic  acid  from  glucose, 
lievo-lactic  acid  only  from  mannitol ;  also  acetic,  formic 
and  succinic  acids,  and  alcohol.  According  to  Harden, 
B,  coli  attacks  glucOHe  in  a  characteristic  manner,  each 
molecular  proportion  of  sugar  yielding  half  a  molecular 
proportion  of  acetic  acid  and  of  alcohol,  and  one  molecular 
proportion  of  lactic  acid,  together  with  a  small  amount  of 
succinic  acid,  and  gaseoua  carbonic  acid  and  hydrogen. 
Nitrates  are  reduced  to  nitrites. 

No  toxin,  or  a  trace  iHily,  is  formed  in  cultures,  hut  the 
dead  bacilli  are  toxic  and  pyogenic,  and  a  toxin  is  obtained 
by  autolysis  of  cultures  or  by  triturating  the  bacilli  with 
liquid  air  (Macfadyen). 

Vaughan,*  by  washing  large  quantities  of  colon  and 
typhoid  bacilli,  extracting  the  bacterial  cells  first  with 
alcohol,  then  with  ether,  and  then  digesting  the  ground 
residue  with  alcohol  containing  2  per  cent.  NaOH,  states 
that  two  constituents  are  obtained,  one  soluble  in  alcohol 
and  toxic,  the  other  insoluble  in  alcohol  and  non-toxic. 
The  latter  confers  a  certain  degree  of  immunity  on  animals 
injected  with  it. 

PathogeTiicity.—The  pathogenic  action  and  patho 
genicity  of  the  B.  coU  are  very  varied.  Introduced  into 
the  circulation  ui  guinea-pigs  it  usually  causea  death  in 
one  to  three  dayn.  Introduced  into  the  peritoneal  cavity 
in  large  amounts  it  produces  death,  apparently  from  a 
tox£emia.     Some  varieties  are  non-virulent  to  animals. 

'  Trans.  XIV.  IntcmaL  Cong.  Hygiam  (Berlin.  liK)7).  B.l,  iv.  p.  28. 
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In  man  tho  colon  bjicillus  is  associated  with  a  number 
of  importiLnt  patliologica!  processes.  It  is  usually  the 
orgHiiiHui  causing  tht^  peritoiiitia  which  is  due  to  infection 
from  the  intestine,  as  in  hernia  with  obstruction  or  perfora- 
tion, in  uleeration  of  the  bowol  and  enteritis,  in  cancellous 
growths,  and  atTections  of  the  appendix,  biliary  canals,  and 
gall-bladder.  The  exudation  in  these  cases  is  often 
charaeteriKtic  ;  at  first  it  is  rlear  and  greenish,  it  then 
becomes  ^reenisli-yellow,  thin,  semi-opaque  and  foul- 
Buifilling,  and  finally  purulent.  An  important  point  is  that 
the  colon  bacillus  may  pass  through  the  intestmal  wall 
where  it  has  been  damaged,  ab  by  strangulation,  but  not 
yet  i)erf orated. 

The  B.  coli  is  a  pyogenic  organism,  and  has  been  met 
with  in  ischio-roctal  abscesses  (probably  the  B,  pyogenes 
fetid  us  of  Passat).  Possibly  it  causes  in  some  instances 
the  imcunionia  and  pleurifiy  occurrin*^  after  jjeritonitis,  for 
it  has  been  obtained  from  the  Umg  and  pleura  in  these 
conditions.  Puerperal  fever  is  another  condition  sometimes 
cause<l  by  the  B.  coli,  and  cystitis  and  infections  after 
urinary  oi>eration8  are  also  commonly  due  to  it.' 

In  the  Piotou  cattle  disease,  characltitized  by  extensive 
hepatic  cirrhosis,  Adami  found  a  minute  diplococcus  or 
Hhort  hafnUiis.  A  similar  fonn  was  afterwards  isolated  by 
liim  in  hepatic  cirrhosis  in  man.  Miss  Abbot, ^  from  a 
study  of  several  such  cases,  came  to  the  conclusion  that 
this  orf*anism  was  a  variety  of  the  B,  coli.  It  has  been 
suggested  that  hepatic  cirrhosis  is  produced  by  poisons 
or  toxins,  e.g.  of  the  B,  culi^  and  that  alcoholism,  the 
usual  cause  assigned,  is  but  an  exciting  or  secondary 
agent. 

'  On  the  rdle  of  tfae  H.  coli  in  human  infections,  see  Lartigau,  Joum. 
Affier.  Med.  Assoc.  April  12.  11102,  p.  'JHO  (full  Bibliog.). 

'  Joum.  Path,  and  Bact.  vi.,  ItKX),  No.  3,  p.  315  (Bibliog.). 
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Anti-Serum  and  ]'accine, — Attempts  liave  been  made 
to  prepare  an  aati-Lierum  for  B,  coil  mfeclions^  but  they 
have  met  with  little  or  no  success. 

A  vaccine  prepared  by  sterilizing  cultures  by  heat  and 
Ht-andardi/Liig  has  been  used  suecesHfutly  in  itie  treatment 
of  chronic  B,  coli  infections,  e.g.  cystitis.  The  B.  coli 
vaccine  is  more  toxic  than  most  vaccines,  and  small  quan- 
tities must  therefore  be  given  (see  p.  199). 


Clinical  Examination. 

1.  The  appearance  and  odour  of  the  pus  are  often  chftmcter- 
istic.  Cover-glass  specimens  of  the  pus  show  araall  baciUi,  which 
arc  decolorized  by  Oram's  method. 

2.  The  organism  may  be  iaokted  by  plating  on  gelatin,  agar, 
litmus  lactise  agar,  Conradi-Drigalski  agar,  or  by  the  use  of 
noutral-red  or  bile-salt  media  (see  'Water').  The  isolated 
organism  must  be  tested  aa  to  its  morphology,  motility,  non-Gram 
staining,  non-liiniefactioa  of  gelatin,  indole  production,  curdling 
of  milk,  uud  formentation  of  glucose,  lactose,  dulcitol,  mao- 
nitol,  etc. 

8,  An  agglutination  reaction  may  hkewise  be  tried,  but  if 
negative  is  of  little  value,  as  there  are  ao  many  varieties  of  the 
colon  bacillus,  and  one  variety  may  nnt  bo  agglutinated  by  the 
specific  serum  obtained  with  another  variety.  A  poaitive  reaction 
muflt  also  he  carefully  controlled,  ag  the  co)on  baciUus  fa  much 
more  readily  agglutinated  by  normal  serum  than  ia  the  typhoid 
bacillus. 

Vauieties  of  Bacillus  colt. 

Organisms  are  frequently  met  with  in  fiecea,  manure,  sewage, 
and  polluted  water  which  resemble  the  typical  B*  coli  in  many 
of  their  characters  but  which  differ  from  it  in  certain  par- 
ticulars. Thus  the  colonies  un  gelatin,  instead  of  being  smooth, 
may  be  wrinkled  :  milk  may  be  hut  slowly  curdled  (three  to  eight 
days) ;  acid  or  gas  production,  or  both,  in  sugars  may  be  less 
marked  than  usual.  These  organisms  are  generally  regarded  as 
varieties  of  the  B.  coli,  and  are  perhaps  derived  from  typical  B.  coli. 
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There  is,  however,  little  evidence  that  B.  coli  can  bo  transformod 
into  Ruch  variotioR,  or  that  these  varieties  can  be  re-converted 
into  typical  fi.  coli. 


Organisms  that  have  been  Regarded  a9  Varlants  of 

B.  COLI. 

A  nuiubor  of  organising  have  been  regarded  as  being  varieties 
of  the  B.  coli  (conBuU  table  of  fermentation  reactions,  p.  854). 

1.  Bacillus  cttvicida  (Brieger). — Thia  resembles  B.  coli  in 
most  of  its  characters,  but  was  stated  to  be  non-motile. 
MacConkey  says  it  is  raotile. 

2.  Bacillus  neapolitanus  (Emmerich). — Isolated  from  the 
bowel  in  cases  of  cholera.  It  differs  from  5.  coli  by  not  being 
motile,  and  by  fermenting  cane  sugar. 

8.  Gas-forming  bacilli  of  Laser  *  and  Gartner.' 

4.  Aerobic  bacillus  of  malignant  oedema  (Klein). 

6.  Bacillics  iactis  aemgrnt'H  of  Escberich, — Found  in  the 
intestine  of  nurslings.  Much  like  B.  coli,  but  is  aou-motile.  It 
diiiera  from  B.  coli  by  not  fermenting  daleitol,  by  always  fer- 
menting saccharose,  and  by  giving  the  VogesProskauer  reaction 
{aeo  table,  p.  854).  According  to  Harden  and  Walpok*,'  its  action 
on  glucose  differs  from  that  of  B.  colly  more  alcohid  being  pro- 
duced and  formed  at  the  expense  of  that  part  of  the  molecule  of 
the  sugar  which  in  the  B.  coli  fermentation  yields  acetic  and 
lactic  acids. 

The  Voges-Proskauer  reaction  is  obtained  by  growing  the 
organism  in  2  per  cent,  glucose  broth  in  a  fermentation  tube 
(fig.  16,  p.  75)  for  three  days  and  adding  some  strong  caustic 
potash  solution ;  on  standing  exposed  to  the  air  a  piuk  colour 
develops.  According  to  Harden  and  \Vftl]K>l6  *  the  reaction  is 
probably  duo  to  acetylmethyl-catbimd,  wbicli  in  the  presence  of 
air  and  potash  is  oxidixod  into  diacetyl^  which  then  reacts  with 

'  See  Centr,/.  Daht.  (1"  Abt.),  xiii.,  18l»3.  p.  217. 
*  Ibid.  XV.,  1894,  pp.  I  and  27(i. 

'  Jonrn.  of  Hygiene,  v.,  mo5.  p.  4B8;  Proc.  Roy.  Soc.  Lond.  B.  Uxvii., 
IdOC),  p.  »U0. 

'  Proc.  Hoy.  Soe.  Lmtd.  B.  Ixxvii.,  lOOli.  p.  3'.iy. 
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sumc  constituent  of  tbe  peptone  in  ibe  me<lium,  giving  the  pink 
colour. 

6.  B.  cloacecB  (Jordan), ^Met  with  in  sewage.  In  its  general 
characters  it  has  considevftble  rGacmblanee  to  U.  coll,  but  it  pro- 
duces more  gas  (75  per  cent.)  from  glucose  and  liquefies  gelatin 
(4-5  to  HO  days),  and,  like  B.  lactU  acrogenes,  it  always  ferments 
saccharose,  does  not  ferment  dulcifcol,  and  gives  the  Voges- 
Proskaaer  reaction.     (See  tabic,  p.  !554.) 
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CHAPTKH    XI. 
bubonic   plague — chicken   cholera — moise  8epticj?mta. 

Bubonic  Plague. 

The  bubonic  plague  was  epidemic  throughout  Europe 
during  the  Middle  Ages;  in  En{:;liind  in  the  fcnirleenth 
century  it  appeared  as  tlie  black  Deaths  and  in  the  seven- 
teenth century  as  the  Great  Plague  of  London,  while 
numerouH  other  lesser  visiUitiuna  luive  been  recorded.  At 
present  bubonic  plague  is  practically  pandemic.  It  seems 
to  have  been  almont  jilways  endemic  in  Persia  and  Syria. 
The  disease  from  time  tu  time  completely  disappears  from 
a  district  wliitdi  it  haw  decimated,  to  reappear  aj^ain  after 
a  conbiderable  interval  ,  this  has  happened  not  only  in 
Europe,  but-  also  in  Persia,  Syria,  India,  and  Cliinii. 

It  is  a  severe  febrile  disease  accompanied  by  delirium 
and  great  depression,  which  rapidly  passes  on  to  the 
typhoid  state.  If  the  patient  liven,  hitmorrliages  may  occur 
under  the  altin  and  from  the  stomach,  boweh  and  kidneys. 
On  the  second  in-  third  day  in  the  majority  of  cases  (70  per 
cent,  or  more)  the  glands  in  the  axilla,  inguinal,  and  other 
regions  become  onbirged,  whence  the  disease  derives  its 
name, 

Jn  another  type,  the  pneumonic  form,  the  respiratory 
tract  and  lungs  are  attacked,  and  in  a  third,  the  septiciemic 
variety,  the  organism  is  generalized,  though  all  varieties 
tend  to  become  septictemic  shortly  before  death. 
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At  the  commeneeraeiit  and  at  the  end  of  an  epidemic 
the  disease  may  assume  an  extremely  mild  type,  the 
so-called  '  pestis  minor.' 

Bacilli  were  first  ohaerved  in  thiR  difieafte  in  the  hlo(xl, 
buboes,  and  organs  l>y  Kitasat(> '  in  189-1.  In  the  Hame 
year  (1894)  Yersin  *  wab  coramissioned  hy  the  French 
(lovernment  to  investigate  the  outbreak  of  bubonic  plague 
at  Hong  Kong,  and  be  desmbed  the  baeilluH  met  with  tn 
the  buboes  and  its  cultural  and  pathogenic  properties  very 
fully.     Thifi  organism  is  known  as  the  Bacillus  pest  is. 


i 


Fill.     48. — PlJLGDB.      ShKaH    l!;i  t  vKvi  im\     i,;..m    ^i.t.t.HOV    iMOGULATKn 
QD1NEA-Plt>.         M  1000. 

Morphology, — The  B.  pestis  belongs  to  the  group  of 
hcemorrhagic  septicivraic  bacilli  (rabbit  sejiticannia,  swine 
plague,  see  p.  882).  and  is  a  markedly  pleoniorjihic  (^rganinm. 
In  the  aniTnal  body  it  occurs  for  the  most  part  as  a  short, 
non-aporing,  almost  ovoid  rod,  generally  linked  in  pairs, 
measuring  2-8  /*  by  1-2  ^,  but  longer  forms  may  be  seen 

'  Lancet,  1894.  ii.  p.  428. 

-  Ann.  d€  Vlntt.  Paateur,  vUi..  1894.  p.  662. 
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here  and  there  measuring  as  mucli  as  5  m  (fig.  43).  Polar 
strtiiiing  ifl  a  marked  foalure  (Plate  XIIL,  a  ami  L).  Ocoa- 
fiitniaHy  Hwolltin  involution  forms  oc<^ur.  The  typical  form  of 
the  organism,  the  bi-polar  staining,  short,  stumpy  bacilluB 
is  met  witli  in  smears  from  tho  huboes,  in  the  nputum  in 
the  pneumonic  form,  and  in  the  ]>loo(l  in  the  septicfemic 
variety,  but  only  in  tfie  warlier  atnges  of  thedisease.  Later 
the  typical  forms  ton<l  to  disappear,  their  place  being  taken 
by  a  few  birge,  rounded,  ovoid,  or  pear-sha[>ed  involution 
forms.  Under  cultivation  the  bauilli  in  young  cultures 
(twenty-four  to  forty-eight  hourn)  are  so  short  as  to  be 
almost  f'occoid  or  slightly  ovoid,  on  agar  their  stKe  is  about 
the  same  as  that  in  the  animal  body,  on  gelatin  they  are 
somewliat  smaller,  but  a  few  well-marked  rods  and  even 
threads  are  always  to  be  seen  sparsely  distributed  m  the 
pruparations.  In  older  cultures  rod,  thread,  and  involution 
forms  OL'uur  more  numerously  :  on  aj;ar  containing  '2-3  per 
cent,  of  suit  the  latter  are  swollen  and  yeast-like. 

In  bnitfi  the  organism  forms  chains  of  slightly  ovoid 
bacilli,  ranch  like  a  streptococcuB  (Plate  XIV..  a). 

The  organism  is  non-sporing  and  non-motile,  altliough 
Gordon  ^  has  described  the  presence  of  one  or  two  fine 
spiral  terminal  Hagella, 

Sometimes  in  hanging-drop  cultivations  a  capsule  is 
apparently  present,  but  the  writer  has  failed  to  verify  this 
by  staining  methods. 

The  B.  pf.'iti^  stauis  well  with  Lofflet's  blue  and 
aniUn-genlian  violet,  iwlar-staining  being  a  marked  feature, 
especially  in  smear  preparations.  It  does  not  stain  by 
GramV  nietliod.  With  old  lal>oratory  strains,  polar  staining 
may  be  completely  absent,  but  in  such  cases  maysometimefl 
be  obtained  by  first  treating  the  preparations  with  alcohol 

^  Centrfilb.  f.  Bakt.  (1'-  Abt.).  %%\U  1897,  p.  170.  The  Indian  Plague 
CommiAHionerR  fttftte  that  the.y  have  never  been  able  to  demonstrate  the 
presence  of  Hagella. 
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a,  Bacillda  Pehtih. 

fiaCCAn   PUEPABATIOK    PftflM    A   BcDo.        >:    1001). 


6.  Baciixus  Pkstw. 

SmUR   PRZFABATinN    OF   SPUTtTM.        X    1000. 
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or  by  the  Gram  method,  and  Hiibseqiiently  staining  with 
Loffler'ti  blue  or  weak  gentian  vioicst.  Seotions  are  best 
stained  with  carbol  methylene  or  thionine  blue. 

Cultural  Chararters. — The  if.  pcRtis  in  uerohii^  and 
facultatively  anai^robic.  On  blood  serum  it  forms  moist, 
smooth,  shining,  cream-coloured  colonies  or  j^-owtha^Klightly 
raised  above  the  surrounding  medium.  The  blood  serum 
is  not  liquefied. 

On   agar   the  colonies  are  raised,  round   and  cream- 
coloured,  finely  granular,  denser  at  the  centre  than  at  the 
margins,  which  are  regular.     Size,  0'*25 
to  Oo  mm.  in  two  days  at  37^*  C. 

On  surface  agar  the  B.  pestis  forms 
a  thick,  opaque,  moist,  smooth,  cream- 
coloured  growth,  the  margins  of  which 
are  usually  markedly  crenated  (fig.  44). 
Tlie  growth  is  very  sticky  and  adherent. 
HalTkiufci  statea  that  when  grown  on  dry 
agar  (agar  which  has  been  kept  in  the 
warm  incubator  for  two  to  three  weeka) 
and  viewed  from  behind  the  growth  has 
an  appearance  like  that  given  by  the 
back  of  a  mirror — i.e.  a  dull,  silvery 
appearance. 

On  a  salt  agar  {'2'5-3'5  per  cent,  of 
sodium  chloride)  Hankin  describes  the 
development  of  remarkable  spherical  or 
pear-shaped  involution  forms. 

On  gelatin  the  colonies  are  whitish, 
filmy,  finely  granular  with  regular  mar- 
gins. Size,  01  to  0*25  mm.  in  G.ve  days 
at  1>2"  G. 

On  surface  gelatin  the  organism  forms  a  thin,  white, 
shining  growth,  with  slightly  irregular  surface  and  mar- 
gins, and  nearly  confined  to  the  inoculation  track.     The 
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growth  does  not  penetrate  into  the  medium,  nor  does   it 
render  it  cloiuly.     Tlie  ^jjruwlli  in  very  adlun-eut. 

In  a  stab  gelatin  culture  a  delicate  whitish,  finely  granu- 
lar growth  develops  to  the  end  of  the  Btab,  with  httle 
tendency  to  spread  from  the  needle  track.  The  jjjeiatiti  is 
not  liquefied.  Both  in  aj^ar  and  gelatin  cultures  fresh 
punctate  growths  aometimes  develop  in  the  original  gi'owth, 
Bimulating  a  contamination. 

In  broth  the  growtli  is  Homewhat  cliaracteristic.  For 
two  or  three  days  the  broth  remains  perfectly  clear, 
but  a  Jiocculent  growth  forms  and  gradually  increases  in 
amount  on  the  bottom  and  sometimes  U{>on  the  nides  of  the 
tube.  After  Rome  dayn  the  broth  may  become  a  little 
cloudy.  A  delicate,  floceulent  iilm  develops  if  the  tube  be 
kept  absolutely  at  rest.  In  broth  to  which  a  little  butter- 
fat  or  ghee  haa  been  added  little  iHlandn  of  growth  apin^ar 
on  the  surface,  and  from  these  Hocculent  tapering  dependent 
growths  form  in  about  a  wee^k,  provided  the  tubes  or  tlasks 
be  kept  absolutely  at  rest,  the  bulk  of  the  broth  remaining 
clear.  This  is  the  stalactite  growth  of  Haffkine,  and  is 
very  characteristic  [B.  pseudo-tuberculosis  and  B.  sui- 
pestifer  also  give  it). 

No  growth  occurs  on  ordinary  potato,  and  milk  is  not 
coagulated. 

With  Kulphuric  acid  tilone  a  feeble  indole  reaction  can 
be  obtained  with  week-old  broth  cultures.  With  sulphuric 
acid  and  a  nitrite  a  well-marked  indole  reaction  can  be 
obtained  undi^r  the  ^arne  conditions. 

Broth  cultures  reduce  a  weak  solution  of  methylene  blue. 

The  fermentation  reactions  of  the  B.  pf-)>tis,  which 
MacConkey  has  pointed  out  are  practically  identical  with 
those  given  by  the  B.  pseudo-tiiberculosiXf  are  as  follows  ; 
acid  production  but  no  gas  in  glucose,  bevulose,  galactose, 
maltose,  mannitol,  and  dextrin^  no  change  in  lactose,  cane- 
sugar,  and  dulcitol. 
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a.  Bacillch  Pbhtis. 
CoVEB-OLASs  Preparation  ok  a  48-uours'  Brotu  Ccltdre.      x  1500. 


6.  Chicken  Choi.eba. 

COVER-OLASS   PBEPARATIOM   OF  BloOI)   OF   FoWt^        X    1000. 
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Action  of  Antiseptics,  dr. — The  plague  bacillus  is  readily 
destroyed  by  aiitiseiiticH  ;  u  1  :  1000  corrosive  KuhlimiitG  or 
1  :  100  chloride  of  lime  solution  Ijeing  etticient.  An  acid 
solution  of  corrosive  Bulilimate  is  preferable,  and  for  the 
practical  disinfection  of  native  houees  a  1  :  250  solution  of 
sulphuric  acid  may  be  employed.  A  tenii>erature  of  (iiy"  C. 
kills  the  organism  hi  about  fifteen  minutes.  DeBiccation 
over  sulphuric  acid  at  SO''  C.  is  also  rapidly  fatal. 

Vitalitij  and  Virulence  of  Culttire,^.  —CmHwx^h  retain 
their  vitality  for  at  least  a  month.  As  regards  virulence, 
the  organism  differs  much  iiwordint^  to  tlie  Kourcc  from 
which  it  is  obtained.  Under  cultivation  it  gradually  loses 
its  virulence  unless  flub-cnlfcured  in  the  following  manner: 
the  cultures  are  made  every  week  on  agar,  are  placed  in 
the  blood-heat  incubator  for  twenty-four  hours,  and  then 
removed  and  kept  at  room  temperature.  If  inoculated  into 
animals,  the  virulence  may  be  heightened  for  a  particular 
specie.^  by  HuccesHive  paHsages,  but  in  so  doing  is  diminiahed 
for  other  species. 

Pftthoge/iic  Action.  -In  addition  to  man,  the  following 
animals  are  liable  to  contract  plague  under  natural  condi- 
tions— the  monkey,  cab,  rat,  mouse,  squirrel,  ferret,  bandi- 
coot, and  marmot.  The  guinea-pig  and  rabbit  are  also 
susceptible  to  inoculation.  The  horse,  cattle,  sheep  and 
goat  are  relatively  insusceptible,  though  Simpson  ^  has 
found  that  calves  and  poultry  may  be  infected  by  feeding 
and  suffer  from  a  (dironic  form  of  the  disease.  Birds  are 
not  easily  susceptible,  and  vultures  feeding  on  the  corpses 
of  the  plague-stricken  do  not  seem  to  contract  the  disease. 
The  mouse,  rat,  and  guinea-pig  are  the  animals  chiefly  used 
for  experimental  purposes  hi  the  laboratory  ;  the  first  two 
are  highly  susceptible,  a  simple  prick  in  the  thigh  with  an 
infected  needle  being  suflficient  to  induce  the  disease. 


He^j-t  on  the  Plague  in  Uofig  Kong. 
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here  und  there  measuring  ms  much  as  5  tx  (fip.  43).  Polar 
staiimig  is  a  marked  feature  (Plate  XIIL,  a  and  b).  Occa- 
hirnially  swollen  invrjliitioii  forms  octnir.  The  typical  form  of 
the  organism,  the  bi-i>olar  staining,  short,  stumpy  bacillnB 
in  mot  with  in  smears  from  the  hubooH,  in  the  sjmtum  in 
the  pneumonic  form»  and  in  the  blood  in  the  flepticiemic 
variety,  hut  only  in  the  earUer  R(aj*es  of  thediHeiiHe.  Later 
thetypiral  forms  tend  to  disappear,  their  place  being  taken 
by  a  few  large,  rounded,  ovoid,  or  pear-shaped  involution 
forms.  Under  ctillivafion  the  bafilli  in  yonn*;  cultures 
(twenty-four  to  forty-eight  hours)  are  so  sliort  as  to  be 
almost  eoccoid  or  slightly  ovoid,  on  agar  their  size  is  about 
the  flame  as  that  in  the  animal  body,  on  gelatin  they  are 
somewhat  smaller,  but  a  few  well-marked  rods  and  even 
threads  are  always  to  be  seen  sparsely  distributed  in  the 
preparations.  In  older  cultures  rod,  thread,  and  involution 
forms  occur  more  numerously  :  on  agar  containing  *i-Ii  per 
cent,  of  salt  the  latter  are  swollen  and  yeast-like. 

In  brotli  the  organism  forms  chains  of  slightly  ovoid 
bacilli,  much  like  a  streptococcus  (Plate  XIV.,  <•/). 

The  organism  is  non-sporing  and  non-motile,  although 
Gord<m  '  has  described  the  presence  of  one  or  two  fine 
spiral  terminal  flagella. 

Sometimes  in  hanging-drop  cultivations  a  capsule  is 
apparently  present,  but  the  writer  has  failed  to  verify  this 
by  staining  methods. 

The  B,  pestis  stains  well  with  LtitHers  blue  and 
anilin- gentian  vio)et,  polar-staining  l>eing  a  markwl  feature* 
especially  in  smear  preparations.  It  does  not  aUiin  by 
Gram'H  metho<l.  With  old  laboratory  strains,  polar  staining 
may  he  completely  absent,  but  in  such  cases  may  sometimes 
be  obtained  by  first  treating  the  preparations  with  alcohol 

'  Cenirnlb.  f.  Bakt.  (1"  Abt.).  xxii.,  1897,  p.  170.  Tlie  Indian  Plague 
Commissioners  state  that  they  have  never  been  able  to  demonstrate  the 
pre8cucc  of  Hogella. 
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a.  BAcnxDB  Pektih. 

8UX4B   PmiPAAATIOM    FROU   A    BCTIO.        >     lOOff. 


b.  BAClU.t78  PEsm. 
Skbab  Pbki>aration  np  SptmiM.      x  1000. 
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mainly  inlnxcellu!ar,  but  the   bi'oth  itself  is  not  without 
at-tion. 

Lustig  and  Galeotti '  also  devised  an  anti-plague  vaccine, 
which  is  prepared  by  growing  Uie  batrillus  on  the  surface  of 
agar  in  dishes  for  three  days,  scraping  off  the  growth,  and 
treating  with  1  per  tient.  caustic  soda  Holution.  The  fluid 
is  then  filtered  through  paper  and  precipitated  with  ver\' 
dilute  acetic  or  hydrochloric  acid,  or  by  saturation  with 
ammonium  Hulphate.  The  precipitate  is  dinaolved  in  a 
0-5  per  cent,  solution  of  sodium  carbonate,  and  filtered 
through  A  Chamberlaud  filter.  This  forma  tite  vaccine 
Huid,  which  has  the  chemical  characters  of  a  solution  of 
nucleo-proteinfl  ;  it  protects  animals,  and  from  the  vac- 
cinated animals  an  anti-plague  serum  can  be  obtained. 
The  dose  of  this  vaccine  corresponds  to  1-2  mgrm.  of 
solid  active  HubHtaricn.  Monkeys  vaci*inak'd  witli  14  17 
mgrm.  of  active  substance  become  immunized  so  that 
they  resist  inoculation  with  virulent  plague  bacilli.  Terni 
and  Bandi  suggested  tlie  preparation  of  a  vaccine  by 
inoculating  rabbits  intraperitoneally  with  plague  bacilli, 
collecting  the  peritoneal  exudation,  diluting  it  with  saline 
solution,  mcubating  for  a  few  hours,  and  then  heating  to 
GO"  C.  Thoy  tdaim  that  this  vaccine  produces  a  more  lasting 
immunity  than  llaffkine's.  Calniette  'prepared  a  vaccine  by 
growing  the  bacillus  on  agar  in  plaU)  Iwjttlos  (fig,  14,  p.  71) 
for  furty-eight  hours  at  blood  heat.  Then  20  ex.  of  sterile 
water  are  introduced,  the  growth  is  ^icraped  off,  the  emulsion 
strained  through  a  piece  of  tine  sterile  musHn  to  remove 
particles  of  agar,  and  the  filtrate  filtered  through  paper, 
which  retains  the  microbes.  Tliese  are  well  washed  with 
sterile  water  to  remo\'e  adhering  toxin,  next  emulsified  in 
sterile  water,  heated  to  70''  C.  for  an  hour,  and  finally 
driiid   in  vacuo.     The  dry  substance   can  be  kept   for  a 

*  Brit.  Med.  Jount.  IB97.  i.  p.  1057.  and  1900.  i.  p.  311. 
'  •  Hai-bon  Lecturea  on  Plague,'  Jouni.  Sfafr  ^ft'el,  lUOO. 


considerable  time  without  change;   for  use  1-2  mgrm.are 
emulHified  in  *2-3  c.c.  of  fit-erile  salt  sohition  and  injected, 

Yersin  pro|>osGd  vaccinating  directly  with  a  plague 
baciJlua  of  feeble  virulence,  which  has  been  done  by  Strong 
in  Manila.  Tlioni^h  t^ucli  a  method  lui^dtt  Imj  nnful  in  a 
plague-stricken  district,  it  is  obviously  one  that  could  not 
be  advised  for  general  use. 

Klein  '  has  prepared  a  prophylactic  by  drying  the  organs 
of  a  guinea-pig  dead  of  plague  for  three  days  at  46"  C, 
rubbing  the  material  to  a  powder,  and  further  drying  at 
37""  C.  for  three  days.  Of  tluB  dry  jwwder  15-lG  mgrm. 
protected  a  rat,  and  tl5  lugrm.  a  monliey. 

With  reference  to  experimental  immunity  and  protection 
in  plague,  Klein's  experiments  may  he  mentioned.-'  He 
found  that  a  guinea-i>ig  which  had  been  three  times  injected 
with  an  amount  of  living  culture  insufficient  to  kill  was 
still  capable  of  being  infected ;  that  the  blood  of  a  guinea- 
pig  which  hud  twice  passed  through  an  attack  of  plague 
did  not  contain  an  appreciable  amount  of  germicidal  sub- 
stances ;  and  that  the  immunization  of  guinea-pigs  by 
sterilized  cultures  is  an  extremely  slow  and  difficult  process. 
Calmette  also  found  that  the  guinea-pig  was  extremely 
difficult  to  immunize. 

Calmette  has  estimated  the  period  of  onset  and  duration 

of  the  immunity  resulting  from  the  injection  of  one,  two, 

or  three  successive  doses  of  jdague  culture  killed  by  heat 

(i.e.  Haffkine'fi  prophylactic).      The  immunity  induced  by 

a  single  injection  of  3  c.c.  was  not  establislied  until  after 

the  seventh  day,  and  lasted  on  an  average  three  weeks  in 

the  guinea-pig,  a  month  in  the  monkey,  and  three  months 

in   the  rat.      By  three  successive  injections  at  seven  to 

eight  days'  interval  a  more  durable  immunity  is  ohtamed, 

extending   to   three   to    four    months    for    the   guinea-pig 

and  monkey,  and  six  months  for  the  rat.     While  imminiity 

'  Hep.  Med.  Off.  hoc.  Gov.  Board  for  1905  -06. 
•*  Ibul.  1896  97.  App.  B.  p.  a. 


376 


MANUAL  OF   BACTEIUOUKIY 


is  being  eMtabliehed  the  animals  are  abnormally  sus- 
ceptible, and  succumb  to  inoculation  with  minute  doses 
of  plague  virus,  usually  non-fatul.  Ab  the  outcome  of 
these  exi>erimenta,  Calmette  nupposed  that  if  a  person 
in  the  incubation  period  of  the  disease  were  inoculated 
with  the  vaccine,  a  fatal  issue  would  almost  certainly 
ensue,  and  recommended  that  an  injection  of  anti- 
plague  serum  (10  c,c.)  should  be  given  to  induce  a  rapid 
protection,  the  Haffkine  prophylactic  hv.hi^  adminis- 
tered at  the  same  time,  the  immunity  prodviced  by  the 
latter  being  fully  established  when  that  of  the  Berutn  is 
jwissing  ofiF.  Bannermann,'  however,  Ktnjngly  opiKises  the 
laboratory  resuUa  obtaiued  by  Calmette.  He  finds  that  so 
far  from  there  being  an  increase  in  mortality  among  those 
who  have  been  inoculated  and  who  develop  plague  within 
ton  daya  o!  inoculation  the  reverKti  in  tlie  ease,  and  that  in 
a  small  community  where  the  population  has  been  partly 
vaccinated  himI  partly  not  vaccinuted,  the  incidence  of 
plague  during  the  week  following  vaccination  was  less 
among  the  vaccinated  than  among  the  iin-vaecinated, 
IHjinting  to  the  rapid  production  of  protection. 

Anti-Plague  Serum. — Yersin  was  the  iirsi  to  prepare 
an  anti-plague  serum  by  inoeulating  horses  intravenously 
with  increasing  doseH  of  living  plague  bacilli.  Roux  after- 
wards  immunized  horses  with  killed  cultures,  but  the 
serum  thus  obtained  was  not  found  to  be  so  efficacious,  so 
tluLt  now  tho  livinf,'  cultures  are  made  use  of.  The  exact 
method  is  brietiy  as  followfi — the  agar  surface  in  a  plate 
bottle  is  inoculated,  incubated  at  blood  heat  for  3G-72  hours, 
the  growth  then  emukiiitid  by  the  addition  of  20  c.c.  of 
storilo  physiological  salt  solution,  and  filtered  through  a 
little  sterile  cotton-wool  to  remove  particles  of  agar.  For 
the  early  injectioiiH  the  emubion  is  iieated  to  06°  C.  for  one 
hour,  and  the  commencing  dose  is  ,j\  part  of  a  flask.  The. 
■  CeiitralbJ.  Bakf,  {V  AbU),  Bd.  xxix.  p.  873  {Bibliog.). 
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injectionB  are  given  intravenously  at  intervals  of  a  week. 
AL  Ujb  end  of  three  months  the  bactericidal  power  of  the 
blood  will  have  become  very  marked,  and  living'  cuUures 
are  then  injected  for  a  further  period  of  about  three  months 
nntil  a  whole  flask  is  given  at  a  dose.  An  interval  of  a 
fortnight  ia  allowed  to  elapse  between  the  last  doBe  and  the 
bleeding  of  the  animah  The  serum  Ib  tested  upon  the 
mou&e  ;  for  immunizing  power  0*05  c.c.  Hhould  serve  to 
completely  protect  a  mouse  against  au  iniiculation  of 
virulent  plague  twenty-four  hours  later,  and  for  curative 
powor,  U'25  c.c.  should  be  Hutticiont  to  save  the  life  of  a 
mouse  inoculated  with  plague  sixteen  hours  previouhly. 
Anti-plague  serum  is  mainly  anti  microhic,  and  it  is  stated 
that  as  good  a  therapeutic  or  protective  effect  is  obtained 
by  injecting  0-5  c.c.  of  anti-plague  serum  together  with 
4'5  c.c.  of  fresh  normal  horse  serum  (i.e.  containuig 
active  alexin)  as  by  injecting  5  c.c.  of  anti-serum  alone. 

The  anti-plague  serum  is  not  nearly  so  i>otent  as  the 
anli-diphtheria  and  anti-tetanus  sera,  and  the  earlier 
results  obtained  with  it  were  by  no  means  favourable.  By 
usmg  larger  amounts  and  by  giving  the  primary  dose 
intravenously,  Calmette  and  Salinibeni  claimed  to  have 
obtained  a  reduced  mortiiUty  of  about  15  j)er  cent,  as  com- 
parod  with  t)0-70  per  cent,  for  cases  treated  on  general 
principles.  Lustig  and  (ialeotti  have  also  prepared  an 
anti-plague  serum  by  inoculating  horses  with  their  vaccine, 
and  with  this  serum  Choksy  has  claimed  to  have  had 
HucceBsful  results. 

Epidemiology.  ~Th&  exact  mode  of  infection  in  man 
has  been  a  matter  of  controversy.  LTndoublcdly  some 
lesion  in  continuity  of  the  skin  may  be  the  point  of 
entrance  of  the  bacillus,  which  if  arrested  by  the  nearest 
lymphatic  glands  gives  rise  to  the  bulxjnic,  if  not  so  arrested 
to  the  generalized  or  septicamic,  form  of  the  disetise.  The 
pneumonic  form  arises  from  infection  by  the  respiratoiy 
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tract.  Although  a,  gastric  and  intestinal  form  of  the  disease 
has  been  described,  and  there  is  evidence  to  show  that 
food  or  dritik  may  he  the  vehicle  of  infection,  this  does 
not  seem  to  he  a  commo!i  mode  of  infection.  Yersin 
claimed  to  have  isolated  the  bacillus  from  the  dust  and 
earth  of  a  native  dwelling,  and  Hankin  from  the  brackish 
water  in  a  field,  Hankin'a  observations  indicate,  however, 
that  infection  is  likely  to  occur  only  from  immediate 
contact  with  man  or  animals,  or  their  excretions,  in- 
fe*!ted  with  plague,  and  nut  from  a  saprophytic  form  of  the 
organism. 

Certain  animals,  especially  the  rat,  are  important  agents 
hi  spreading  the  disease.  In  many  instances  the  associa- 
tion of  sickness  and  of  death  among  the  rats  with  an 
epidemic  of  plague  has  Ixicn  estahlished.  In  somo  instances 
the  epizootic  among  the  rats  definitely  precedes  the  epidemic 
in  man.  The  epidemics  at  Sydney  are  perhaps  the  most 
j  striking  instances  of  rat-borne  plague;  diHCussing  the  first 

I  one  Tidswell  says :  *  The  one  clear  fact  in  our  epidemic  was 

that  human  l)eing8  were  not  becoming  hifected  from  one 
another.' '  In  the  first  epidemic  the  mode  of  introtluction 
of  the  disease  was  never  traced  to  any  human  source. 
During  an  epidemic  the  rats  may  be  found  in  all  stages 
of  illness  and  the  plague  bacillus  can  bo  found  in  large 
numbers  In  their  carcases.  In  the  various  epidemics  at 
Sydney,  cases  of  plague  first  occurred  among  the  rats  and 
I  niico,  followed  after  an  interval  of  days  ot  weuks  by  human 

I  cases.     Other  animals  may  also  occasionally  he  the  means 

\  of  disseminating  the  disease.'*     The   expcriuient.s  of    the 

I,  Advisory  Committee  on  Plague  Investigation  in  India  have 

conclusively  shown  the  important  part  played  by  rats  in 
the  dissemhiation  of  the  disease.  The  origin  of  the 
primary  infection  in  rats  is  doubtful.     They  may  possibly 

'  Juum   Sanitary  Institute,  xxi.  Pi.  iv.  1901,  p.  54y. 

'  Cteroow.  Brit.  Med.  Jonni.  1900,  i.  pp.  lUl  nnd  1316  (BibUoR.). 
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beeome  infected  from  thu  dust  or  enrUien  floors  of  tlie 
native  houses  soiled  witli  excreta  or  discharges  of  plugue 
patients,  or  from  their  cloth iug,  poultices,  or  dressings,  hut 
the  readiest  method  is  probably  by  feeding  on  the  dead. 
Once  the  epizootic  has  started,  further  infection  is  simple; 
rata  fight,  and  ho  may  directly  inoculate  one  another ; 
the  sick  rata  may  soil  grain  or  other  foodstuffs,  and  the 
dead  rats  are  eaten  by  their  fellows.  Mdreover  parasitic 
insects,  especially  fleas,  undoubtedly  may  transmit  the 
disease  from  one  animal  to  another.  Thus  it  is  found  that 
if  guinea-pigs  be  placed  in  a  plague-infected  liouse,  many 
of  the  animals  contract  plague  ;  but  if  the  animals  be 
placed  in  cages  of  wire-gauze,  the  mesb  of  wliicb  is  small 
enough  to  prevent  access  of  fleas,  the  animals  do  not  con- 
tract plague.  The  transmission  of  the  diaeAse  from  rats 
to  man  is  more  difficult  of  explanation.  Persons  handling 
rats  dead  of  plague  might  readily  be  inoculated,  but  this 
cannot  be  the  usual  mode  of  infection.  Ants,  (lieH,  mos- 
quitoes, bed-bugs,  pedicuH,  and  fleas  have  all  been  suggested 
as  means  of  dlBseminattng  Lho  disease;  the  latter  as 
directl}'  transmitting  the  disease  from  the  rat  to  man. 
Himond/  Calmett^,  and  Tidswell  supported  this  theory, 
but  Galli-Valerio  -  opposed  it:  of  its  truth,  however, 
there  can  now  be  little  doubt.  The  Fjuroi>Ban  rat-flea 
{CtenopfiyUa  muscuH)  is  probably  not  the  usual  agent  of 
transmission,  but  the  Pidex  cheopis,  the  commonest  flea 
found  on  rats  in  the  Tropics.  Rats  in  some  instances 
suffer  from  chronic  plague  infection,  and  this  may  serve  to 
bridge  over  the  periods  in  the  year  when  human  plague 
does  not  occur.  Whatever  be  the  actual  mode  in  which  the 
disease  is  transmitted  from  the  rat  to  man,  the  fact  that 
it  is  transmitted  is  fully  proved,  aud  therefore  extermina- 
tion of  rats,  either  by  trapping,  poisoning,  or  asphyxiating, 

'  Slmond.  Ann,  de  t'Inst,  Pnateur,  xii,.  U9S,  p.  625. 
»  Centralb.  f.  Bakt.  {V*  Abt.).  xxvii.  p.  1. 
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or  by  the  use  of  the  Danysz  rat  virus  (see  p.  351),  is  one 
of  the  means  to  be  adopted  in  fif^hting  the  disease. 

On  rlftgiie,  see  Simpson,  Treatise  on  I'lague  (Cambridge  Univeraity 
Prca«>) ;  Klein,  Uact^riology  of  Oriental  Plague ;  Rtports  vn  Plague 
Invent iffat ion  in  Tnlia,  Joum.  of  Hygiene  {Extra  Numbers),  VI,  No.  4, 
Vll.  No8.  3  and  6.  and  VHI.  No.  2  ;  Bcp.  of  (Ac  huiian  Plague  ComviiBaion  ; 
NunierouK  lieports  published  by  the  Indian  Government. 

Clinical  Examination. 

1.  Withdraw  a  Httle  of  the  fluid  from  the  bubo  by  means  of 
a  syringe.  Make  cover-glass  preparations  and  stain  with  methyl- 
ene or  tbioninti  blue.  Mount  and  examine.  Search  for  short 
plump  bacilli^  often  in  \ia\ta,  with  polar  abaiuing  and  transparent 
ceatroH.     Thuy  arcj  not  stained  by  Gram's  method. 

N.IJ.   -There  may  be  a  mixture  of  organiams  iu  the  bul>oes. 

2.  Make  agar  plates  and  broth  cultures,  From^  colonies  on 
the  agar  plates  the  organism  may  \ye  isolated  and  its  cultural  and 
pathogenic  characters  ascertained.  The  appearance  of  the  broth 
cultures,  if  characteristic,  would  be  very  suggestive  of  plague,  but 

"if  uniform  turbidity  develops  this  may  be  due  to  contaminating 
organisms,  e.j;,  microc<JL*ei. 

3.  Iiioculuto  mice,  ntts,  or  guiuea-piga  subcutaneously  with 
the  Jluid  or  with  the  culture.  Komo  of  the  aiiiuinls  should  be 
inoculated  by  the  cutaneous  method — rubbing  a  little  of  the 
material  on  the  shaved  abdomen.  Inoculation  of  rats  serves  to 
distinguisli  the  FJ.  pseudo-tuberculosis  from  the  E.  pcstls.  If 
the  aniiuaU  die,  investigate  for  the  BlxcIUus  pcntis  by  staining 
and  culture  methods. 

4.  In  the  pneumonic  form,  dilute  the  sputum  withaUttle  boiled 
water,  inoculate  several  agar  tubes,  and  incubate  at  22°-28**  C. 
Examine  in  two  to  three  days.  Also  daub  the  nostrils  of  a  guinea- 
pig  or  rat  with  a  bruwh  or  pledget  of  wool  dipped  In  the  diluted 
sputum,  avoiding  wounding  the  mucous  membrane.  Film 
specimens  of  the  sputum  may  also  be  made,  stained,  and  examined. 
Gram's  method  mil  diritin^niish  the  Ji,  pestis  from  i\ie  Diplococcus 
pneutnonitg  ;  the  latter  stains  well  by  Gram. 

o.  A  tjtjluti nation  Ueactiou. — The  Indian  Plague  Commis- 
sioners state  that  In  their  opinion  no  pmctical  value  attaches  to 
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the  method  of  sDrum  diagnosis  in  plague,  but  a  modifiei]  method 
is  conaiderc'il  by  Dunbar '  to  be  of  considerable  valne.  The 
method  is  carried  out  as  follows  : 

A  small  quantity  of  peptone  solution,  inoculated  with  the 
tissue-juice  from  the  suspected  organ,  is  mixed  uith  an  equal 
quantity  of  plague-serum  of  sucli  a  strength  that  the  dilution 
reduces  it  to  1  :  2LX>  (approximately).  A  second  dilution  of 
1  :  400,  and  a  third  of  1  :  800  are  al^o  prepared. 

As  a  conirolj  an  equal  quantity  of  the  inoculated  peptone 
water  is  mixed  with  normal  serum  (rabbit  or  horso  serum),  the 
dilution  being  1  :  100. 

In  a  few  minutes  a  distinct  difTerence  is  observable.  The 
'control '  shows  with  the  oil-immersion  lens  a  few  isolated  non- 
motile  bacteria,  while  the  plague-serum  dilution  1  :  200  shows 
larger  and  smaller  masses  of  agglutinated  Ijactoria. 

After  two  hours'  incubation  tbe  same  result  is  obtained  with 
the  plague-serum  dilution  of  1  :  400.  No  agglutination,  however, 
ie  observed  after  incubation  for  twenty-four  hours  of  the  dilution 
of  1  :  HOtK  Thisag'^^duLination  reaction,  in  conjunction  with  other 
suspicious  phenomena,  justities  auotlicial  notification  of  suspected 
plague. 

Chicken  Cholera.* 

Chicken  cholera  is  a  disease  of  poultry  characterized  by  profuse 
diarrho'a :  its  course  may  be  very  rapid,  and  the  bird  found  dead 
without  having  shown  signs  of  illness.  The  organism  is  a  very 
short  rod,  non-motile,  so  short  that  it  is  almost  ovoid,  00  to 
0*8  fi  in  kngtb,  and  03  to  O'-i  fi  in  dianaeter.  It  stains  liy  the 
ordinary  anilin  dyes,  but  not  by  Gram's  methofl,  and  the  staining 
tends  to  be  polar,  so  that  Pasteur,  who  first  investigated  the 
disease,  described  it  a^  a  diplococcus  (Plate  XIV.,  b).  The  organ- 
ism grows  freely  on  the  various  culture  media  from  20"^  to  8H°  C. ; 
on  agar  forming  a  thick,  moist, cream-coloured  layer;  on  gelatin  a 
shining,  white,  expansive  growth  without  liquefaction.  In  broth 
a  general  turbidity  forms  ;  but  growth  on  potato  is  indifferent.  It 
produces  acid,  does  not  ferment  glucose  or  lactose,  is  aerobic  and 

'  Ctntralb.}.  Baki.  xli.  (Originale),  1U06,  p.  800. 
'  See  Jmim.  Exp.  Med.  iii..  1898.  p.  651. 
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facultatively  anai'roUic^  rloos  not  Eorm  spores,  and  is  killed  by  a  tcin- 
peraturo  of  60"  C.  in  fiftoon  minutes.  If  driod  it  dies  in  a  few 
days,  but  retains  its  vitality  for  a  considerable  time  in  damp  earth 
or  in  water,  and  so  infection  is  readily  conveyed.  Fowls  die  after 
subcutaneous,  intramuscular,  or  intravenous  inoculation  and  by 
feedings  the  organisms  being  found  abundantly  in  the  blood. 
Post  mortem,  the  serous  membranes  may  be  inflamed  and 
hiemorrbagic,  tbe  liver  large  and  soft,  and  the  intestine  shows 
htemorrbagic  spots,  and  is  sometimes  ulcerated  and  contains  a 
mucoid  lluid  stained  with  blood.  Other  birds,  pigeons,  pheasants, 
sparrows,  wild  and  domestic  ducks  are  also  susceptiblo  to  the  dis- 
ease, and  rabbits  and  guinea-pigs  can  be  successfully  inoculated  ; 
in  the  latter  animal  a  local  abscess  sometimes  forms  instead  of  a 
general  infection.  By  continuous  cultivation  with  free  access  of 
oxygen  the  virus  becomes  attenuated,  and  Pasteur  was  able  thus 
to  prepare  a  vaccine  which  protected  fowls. 

The  bacillus  of  chicken  cholera  eeems  to  be  identical  with 
Koch's  bacillus  of  rabbit  septiciinma,  and  with  the  bacillus  of  swine 
plagw  {D.  snipestifcr,  Loffler  and  Schutz,  Salmon  and  Smith). 
These  organisms  tend  to  form  a  stalactite  growth  in  butter  broth. 

Organisms  have  been  de3cril>ed  by  Klein  in  fowl  enteritis, 
grouse  disease,  &c,  differing  somewhat  from  tbe  Imcillus  of  chicken 
cholera. 

Mouse  Septicjiimia. 

This  disease  may  be  conveniently  described  here.  KcKih  first 
obtained  a  minute  bacillus  by  injecting  putrefying  material  sub- 
cutaneously  into  mice.  Tt  seems  to  l>e  identical  with  the  bacillus 
found  in  8^viue  erysipelas.  The  organisms  are  met  with  in  large 
numljers  in  the  blood  and  tissues  of  mice.  They  measure  only 
1/iin  length,  and  occur  inconsiderable  numbers  in  the  leucocytes. 
The  bftcillna  stains  wd!  by  Gram's  method,  and  is  stated  by  some 
writers  to  bo  motile.  It  grows  readily,  forming  on  agar  extremely 
delicate,  almost  invisible  colonies  ;  in  stab  gelatin  cultures  after 
some  time  a  delicate  cloudiness  radiates  from  the  central  puncture. 
From  an  agar  culture  the  })acilli  are  somewhat  larger  than  those 
found  in  the  animal  body,  and  form  filaments.  It  is  pathogenic 
for  swine,  rabbits,  and  mice. 
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CHAPTER   XII. 
pneumonia  and  influbnza. 

Pneumonia. 

Several  types  of  pneumonia  must  be  recognized  clinically,  and 
aro  associated  with  different  orgiiniams.  The  pneumonia  accom- 
pimyin^  or  coiTiplicatin^  many  of  the  specific  fevers  jh  usually  of 
the  catarrhal  or  lobular  type,  and  may  be  set  up  by  thoir  respective 
organisms,  as  in  diphtheria,  enteric  fever,  influenm,  plague,  Ac. 
There  is  also  the  so-called  'aeptic  pneumonia,'  unfortunately  only 
too  common  after  operations  at>out  the  mouth,  and  generally  due 
to  the  Stre2)tococcus  pyogenes.  In  pya^mic  conditions  pneumonic 
complications  are  frequent,  and  are  produced  usually  by  emboli 
conveyinj?  the  causative  organism^  which  may  be  one  of  the 
pyogenic  cocci,  most  commonly  the  Streptococcus  pijvgeiu's  or 
the  Micrococcus  pyogenes  var.  aureus,  or  the  colon  bacillus. 
Lastly,  we  have  the  acute  croupous  or  lobar  pneumonia,  which  in 
many  of  ita  characters  resembles  an  acute  specific  infection. 

Friedliinder  in  1H82-S8  described  an  oval  encapauled  micro- 
organism in  cases  of  pneumonia^  which  ho  found  experimentally 
caused  hepatization  of  the  long  in  mice  and  guinea-pigs. 

In  1883-K5  Talamon,  Klein,  and  Sternberg  each  described  in 
pneumonic  sputum  an  oval  orfi;auism,  encapauled  Uke  Fried- 
liinder's,  which  inductid  pneumonia  in  animals  ;  it  was  termed 
by  the  former  the  Micrococcus  ianceolatuSi  and  by  Sternberg  the 
Micrococcus  Pasteurij  and,  although  there  were  certain  dis- 
crepancies, these  observers  holievod  it  to  be  identical  with  Fried- 
lander's  organism.  Subsequently,  however,  Stern  L>erg  recognized 
that  the  discrepancies  were  due  to  the  fact  that  different  organisms 
were  being  dealt  with,  a  conclusion  that  was  subsequently  con- 
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firme*!  by  the  researches  of  Fritnkel  and  Woiciiselbauin.  FriinI 
isolated  from  the  rusty  sputum  of  puumuonia  an  organism  which 
he  termed  the  'micrococcus  of  sputum  septicu^mia/ which  was 
not  the  same  as,  and  was  more  constantly  present  in  pneumonia 
than,  Friodliiuder'a  organism,  and  which  he  found  was  identical 
with  TaJamon's  and  with  Sternberg's  organism.  Weichselbaiim, 
in  ftD  extended  research,  obtained  Fntnkel's  organism,  which  he 
termed  the  Diploeoecus  prwunwriuBt  in  a  large  proportion  of  his 
cases,  and  the  bacillus  of  Friedhinder  in  only  a  few. 

There  seems  to  be  little  doubt  th/it  the  majoi-ity  (95  per  cent.) 
of  cases  of  acute  croupous  pneumonia  are  dependent  upon  this 
Diplococcus  pneumonia^  and  that  Friedlunder'a  organism,  now 
termed  Friedliinder's  pneumoconcus,  or,  better,  pneumobacillus, 
18  of  {etiological  significtmco  in  only  a  small  minority,  if  at  all. 
It  is,  however,  iLssociated  with  certain  pathological  processes 
which  will  bo  referred  to  below. 

In  plouro-pneuraonia  nf  cattle,  by  growing  material  in  broth  in 
collodion  capsules  in  the  poritonnal  ciivity,  Noc^rd  and  Koux  * 
have  succeeded  in  cultivating  an  or^nism  which  is  of  interest  as 
being  the  smallest  of  visible  organisms.  It  is  only  just  visible  as 
a  minute  retractile  granule  with  a  magnification  of  *iOOO  diameters. 
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The  Diplococcth  (STnEPTococcre)  Pnecmoni^.* 

Synonyim,  Frankol's  pncumococcub,  Micrococcus  l^tisteuri  (SternberB), 
Micrococcus  lanerolatns  (Talaiuon),  Mitrococcus  pt/og^nes  tenuis  (Kosen- 
bocli). 

Morphology.  —  Tiie  Diplococcus  pneuvionim  in  the 
Bputum  and  tissues  nsiially  occurs  as  an  ov«l  or  lauce- 
ahftped  cdul^uk  united  in  p^iirH,  occasionally  in  chains  of  three 
or  four  elementH,  and  then  often  almost  spherical,  and  is 
generally  Hurrouuded  by  a  wtdl-marked  capsule  (PlateXV,,  a). 
In  order  to  isohite  the  organism  several  tubes  of  glycerin 
agar,  aenim  or  senim-agar  may  be  inoculated  with  rusty 
Hputum  and  incubated  for  forty-eight  hours  ;  in  some  u 

»  Ann,  dc  Clttst.  Pa.'ittur,  xii,  p.  240. 

*  On  the  piithology  of  pneumococciis  infection  see  Brit,  Med.  Journ. 
1901,  ii.  p.  7«0  ;  Eyre.  Lancet,  1908,  i.,  Feb.  33. 
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puro  culture  may  Im  olitained.  A  far  mor<^  certnin  method 
ift  lf»  inject  i\  drop  m-  two  of  tho  rusty  Hputuni  into  ths 
peritoneal  cavity  of  a  mouse  or  rabbit.  The  animal  will 
die  in  from  twenty -four  to  thirty-six  Iioufh,  and  tho 
organism  will  be  found  in  cftnsiderable  numbers  in  the 
lung  and  blood,  from  wliich  cultures  may  be  obtained.  It 
is  non-motile,  ataiuB  with  the  ordinary  anilin  dyes,  and  by 
Gram's  method. 

Cultural  Characters, — -The  !>.  pneujnoniic  is  aerobic 
and  also  facultatively  anat^robic.  On  glycerin  agar  and  on 
serum  at  37°  C.  it  forms  minute,  tninapiiront,  almost  in- 
visible colonies  like  droplets  of  liuid  ;  on  serum  the  growth 
has  much  the  same  characters,  but  is  somewhat  more 
abundant.  It  hardly  grows  on  gelatin  at  the  ordinary 
temperature,  but  in  a  120  y^er  cent,  gelatiji  at  25"  C.  minute 
white  colonies  develop  without  liquefaction.  In  broth  it 
prmluces  a  slight  cloudiness ;  it  does  not  grow  on  potato,  but 
develops  in  milk,  whic^h  is  usually  coagulated  ;  neutral  litmus 
glucose-agar  becomes  red  during  growth,  indicating  the  pro- 
duction of  acid.  Tho  fermentation  reactions  are  given  in 
tlie  table  on  p.  214,  Hiss's  medium  (p.  2t>8)  with  inulin  is 
fermented  and  coagulate<l ;  most  other  streptococci  fail  to 
ferment  inulin.  On  the  ordinary  culture  media  it  retains 
its  vitality  for  a  Bhort  time  only,  not  more  than  about  a 
week  ;  but  if  a  little  blood  be  smeared  over  the  Hurface 
of  the  agar  tho  vitality  may  be  prolonged  for  a  month  or 
even  longer.  Wa8h])ourn  recommended  an  agar  rendered 
alkaline  to  the  extent  of  4  c.c.  of  normal  caustic  Hoda  i>er 
litre,  after  neutralization,  rosolic  acid  l>eing  the  indicator. 
ThiH  medium  is  smeared  with  blood,  placed  in  the  incubator 
for  twenty-four  hours  to  ascertain  whether  it  be  sterile, 
then  inoculated,  capped,  and  kept  at  87''  C.  Foa's  method 
for  keeping  FrunkerB  pneumococcus  alive  and  virulent  is  to 
receive  the  infected  blood  of  an  inoculated  animal  into  a 
small  glass  tube  5  mm.  in  diameter  and  20  cm.  long,  so  that 
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the  blood  completely  tills  the  tube,  which  is  then  sealed 
and  kept  away  from  the  light  at  the  ordinftry  temi>eratureJ 
If  uioeulated  on  to  ordinary  gelatin,  which  is  then  kept  in 
the  hhod  heat  Qil'  C.)  incubator,  the  organism  retains  its 
virility  for  u  month  or  six  weeks. 

Under  cultivation  the  D,  pnettmonhr  usually  asHiunes 
the  form  of  a  short  streptococcus  (Plate  XV.,  h)  (included 
by  Gordon  in  liiH  S.  hrevis  class)  and  the  capsule  is  lost, 
but  is  regained  again  on  passage  through  a  susceptible 
animal,  or  by  growing  in  fluid  serum.  A  good  deal  of 
variation  occurs  in  the  morphology  of  the  organism  obtained 
from  diflferent  sources  and  under  cultivation.  The  thermal 
death-point  of  the  D.  pncumonuc  according  to  Sternberg  is 
52°  C,  the  time  of  exposure  being  leu  minutes,  and  it  is 
readily  destroyed  by  ihe  ordinary  germicides,  by  light,  and 
by  desiccation  ;  but  in  dried  sputum  it  may  retain  its 
vitality  and  virulence  Luiimpaired  for  weeks. 

Pathogenic  Action,— The  D,  pmumonicc  is  pathogenic 
for  a  number  of  aniujalH,  the  most  susceptible  being  mice, 
then  in  decreasing  order,  rabbits,  rats,  guinea-pigs,  and 
dogs.  Pigeons  and  fowls  are  immune.  Death  follows  from 
subcutaneous,  intravenous,  intraperitoneal,  or  intrathoracic 
injection  of  a  virulent  culture,  or  of  rusty  pneumonic 
8i>utum,  into  mice  and  rabbits  in  twenty- four  to  forty-eight 
hours.  The  virulence  of  the  organism  varies  considerably ; 
under  cultivation  it  may  be  completely  lost,  wliile  by  a 
series  of  passages  through  a  susceptible  animal  it  may  be 
much  increased.  Tlie  less  virulent  it  is  tlie  longer  it  tends 
to  retain  its  vitality  under  cultivation.  Except  when  in- 
jected into  the  luu^  or  into  the  trfichea,  pneumonia  does 
not  result,  but  the  disease  runs  the  course  of  a  septicaemia 
with  high  temperature  and  dyspnoea,  death  being  generally 
preceded  by  a  subnormal  temperature  and  often  convulsions. 
The  ix)8t-mortem  appearances  are  much  tedema  and  inflam- 

'  Brit.  Mtd  Journ.  Epit.  1896,  i.  p.  68,  No.  aa-l. 
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matory  infiltration  at  the  seat  of  iiioeulalionj  htMnorrbagea 
in  the  aerous  membranes,  enlargement  and  congestioa  of 
the  spleen,  and  congestion  of  the  luiigH.  The  organiama 
occur  in  large  nunibera  in  the  blood,  lun^J^,  and  spleen, 
UHually  in  the  form  of  oval  diplocoet-i  with  well-marked 
t'lLpHuleH,  but  sometimeH  aw  Hhort  clmhiH  of  streplouofci. 
When  injected  into  the  lung  or  trachea  a  typical  ^briuous 
or  croupous  pneumonia  results. 

The  D,  pneuinoniiP  is  the  cause  of  acute  croupous 
pneumonia  in  man,  and  occurs  in  large  numbers  in  the  rusty 
sputum  and  hepalized  lung,  and  in  20  per  cent,  of  the  cases 
can  be  isolated  from  the  blood  if  5-10  c.c.  bti  cultured.  The 
production  of  a  typical  pneumonic  process  expeiimentally 
and  the  presence  of  Ifie  diplococcuH  in  a  largo  proportion 
of  cases  of  acute  croupous  pneumonia  pouit  to  its  specilic 
relationship  to  the  diseafie.  With  regard  to  the  latter  obser- 
vafcinu,  Weichselbaum  obtained  it  in  04  cases  out  of  129 
examined,  Wolf  in  (Ul  out  of  70  cases,  and  Neiter  in  75  per 
cent,  of  the  ctises  examined.  In  America  the  disease  has 
of  late  been  much  on  the  mcrejise,  in  Chicago  the  mortality 
having  reached  as  high  as  20  per  10,OOU  iuhubiLantH.  Acute 
crouj>ous  pneumonia  sometimes  occurs  in  epidemic  form. 

The  organism  is  frequently  ju'eseut  in  the  saliva  of 
healthy  individuals,  as  shown  by  Netter,  Sternberg,  and 
others,  and  the  generally  accepted  idea  of  the  relationship 
nf  *  catching  cobl  *  to  an  attack  of  tlie  disease  is  explicable 
on  the  theory  that  the  ucti(ta  of  coUi  lowers  vitality,  and 
renders  the  tissues  vulnerable  to  the  attacks  of  the  organism 
already  in  close  proximity  to  them. 

Besides  acute  croupous  pneumonia,  more  than  lialf  the 
cases  of  broncho-pneumonia,  both  primary  an<l  secondary 
in  the  course  i\l  other  diseases,  are  due  to  the  D,  ptieumonitr^ 
which  is  also  associated  with  a  number  of  other  ini|)orlant 
pathological  conditions  in  man.  It  is  a  pyogenic  organism, 
pntducing  abscesses  when  inoculated  into  an  insuaceptiblo 
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animal  siuli  us  ix  d^^,  and  has  been  met  witli  in  abscesseB,. 
enipyenui,  Hiippuniiion  in  the  antrum,  and  purulent 
niiliritiH.'  It  in  aUo  found  in  about  half  the  cases  of  |>uru- 
lent  meuingitiB,  tiometinseH  in  cerebro-Hjniial  menin^itiu,  in 
about  n  third  of  the  faseH  of  otilifl  inadi^  and  infective 
endocarditis,  Konit^tiines  in  purulent  i>ericarditi8,'  anil 
occaflionally  i»  peritonitis. 

Toxins, — Auld'"*  separated  a  proteose  and  an  organic 
aeid  from  the  blood  an<l  orpins  of  infected  animals,  and 
from  I'ultivations  of  the  Diplococcus  pnciimonicc  in  alkali- 
albumin  the  same  products  were  apparently  obtained,  the 
alkaline  mediinn  soon  bet'oiiiing  periuanently  acid.  The 
proteose  on  .sulMJulaneous  or  intravenous  injection  pro- 
duced Kome  Fevor ;  on  Lirtra thoracic,  injection  fever  and 
dyspna'rt,  and  post  mortem  pleurisy  and  consolidation  of 
the  luni^  were  found.  The  organic  acid  produced  slight 
rise  of  teinjierature,  hufc  no  other  symptom,  MacFadyen  ' 
olftained  an  endotoxin  by  trituratitig  cultures  with  liquid  air. 

Anti-Rf.rum. — Tnimuuity  cjin  bo  conferred  on  susceptible 
animals  Ijy  treating  them  with  attenuated  cultures,  and 
also  by  inotrulation  with  increasini^  dosea  of  liltorod  broth 
cultures  of  the  virulent  or;^anisui.  G.  and  F.  Klemperer 
used  recent  broLli  cultures  heated  to  (»0'  C.  for  one  or  two 
hours.  Washbourn  used  filtered  cultures  in  defibrinated 
blood,  *20  c  c.  of  which  injected  subcutaneously  in  a  rabbit 
conferred  immunity  against  virulent  cultures,  an  umnunity 
persisting  for  fifty  or  sixty  days.  The  blood  aerutu  of 
such  immuniKotI  animals  will  protect  other  animals  when 
injected,  and  Klemperer.  Issaef,  and  Washbourn  have 
prepared  a  ptieumonic  anti-serum.  The  latter,  by  first 
]mmuuizin>(  a  Imrse  with  {iltered  cultures,  increased  the 
immunity  by  injection  with  ^-adually  ijicreaain^  doses  of 

'  Bni.  Med.  Joum.  lUOl.  ii.  p.  1803. 

«  Hlill,  Brit.  Mtd.  Joum,  Sept.  7,  l»01. 

^  Bnt.  Med.  Joum.  1807,  i.  p.  776.  *  Ibid.  lyOO,  ii.  p.  770  (liefs.). 
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living  virulent  culturen,  until  a  very  high  degree  of  im- 
uiunily  is  obUiinod.  Thiw  unti-seruin  has  boon  used  in  the 
treatment  of  pneumonia  and  other  pneumococcic  infections, 
but  the  resuItB  have  not  been  very  encouraging.  The  protec- 
tive serum  seems  to  produce  aggregation  of  the  cocci  when 
added  to  a  culture  of  the  diplococcus.  Klemperer  and 
Washbourn  found  tliat  the  serum  of  convalescent  jiatients 
possesses  some  degree  of  protective  power.  The  serum, 
however,  taken  during  the  pyroxial  sUige  of  the  diseftse 
rather  increases  the  susceptibility  of  animals  to  pneumo- 
coccic infection. 

Vaccine. — A  vaccine  prepared  from  cultures  killed  by 
heat  and  standardized  has  been  fomid  of  service  in  chronic 
pueumococcic  infections,  and  its  use  has  also  been  suggested 
in  acute  infections  (p.  ly9), 

Frieulandeu'b  Pnicumu-Bacilluh. 

This  organism,  already  referred  to  above  m  the  general 
discussion  of  pneumonia,  and  originally  believed  by  Fried- 
binder  to  be  the  cauHe  of  tlie  disease,  has  been  obtained  by 
recent  observers  in  only  a  small  pro]H»rLiijii  of  cases. 

Morphohgjj, — The  li.  pneunwnhe  is  a  very  pleomorphic 
organism,  occurring  in  sputum  or  in  the  bloo<l  of  an  inocu- 
lated animal  generally  us  a  short  rod  witli  rounded  ends 
surrounded  by  a  marked  rapsule.  It  is  non-motile,  docs 
not  form  spores,  and  is  readily  stained  with  the  ordinary 
aiiilin  dyes,  but  not  ]>y  Gram's  method,  an  important  dis- 
tinction from  tlie  DiplococcHs  pnvAimonim.  In  cultivations, 
it  forms  short  rods,  long  rods,  chains,  and  even  lilaments, 
the  cajiHule  being  absent,  l>ut  this  is  regained  on  passage 
through  a  susceptible  aniiual. 

Cultural  Characters.  The  B,  pneumonia:  is  airobic 
and  facultatively  anarrobic,  and  ma.v  produce  indole.  It 
grows  reaihly  on  tlie  various  culture  media  from  *iO"  to 
37°  C,  on  agar  and  blotnl  serum  forming  a  co[)ious,  viscid, 


MO 


MANUAL  OF  BACTERIOLOGY 


k 


gi'eyish  growth ;  on  gelatin,  a  thick,  white,  shining, 
|X)rceIain-likG  growth  without  liquefaction  ;  and  iii  stab- 
cultures  in  gelatin,  a  so-cHlled  nail-shaped  growth  is 
doveIoi>ed  (tig.  46),  consisting  of  a  white  growth  along  the 
needle  track,  tapering  from  above  downwards,  and  at  the 
surface  heaped  up  and  expanded,  forming  the  ''head*  of 
the  nail.  On  potato  a  copious  whitish 
growth  dovelopH,  while  milk  is  curdled 
and  gas  bubbles  fre(piently  form  in 
Htftb-gelatin  cultures.  It  is  an  active 
fermenter  of  carbo-hydrates,  and  the 
fermentation  reactions  are  given  in 
the  table,  p.  354. 

Pathogenic  Act  ion. — Thepneumo- 
l)acillus  of  Friedlicnder  is  pathogenic 
to  mice  and  gninea-pigB,  but  rabbits 
are  iinniutu^  Post  mortem,  the  spleen 
is  enlarged,  the  lungs  are  congested 
and  r-CfriKoliilated  in  patches,  and  tlie 
organism  is  found  in  large  numbers 
in  the  blood.  It  is  pDHsiblo  that  this 
organism  may  occasionally  set  up  u 
pneumonic  or  bronchitic  process  in 
man,  but  this  is  doubtful.  According 
to  Curry '  acute  lobar  pneumonia  is 
invariably  due  to  the  D.  pneumonup,  though  in  a  small 
percentage  of  cases  Friedlitnder*s  bacillus  may  be  associated 
witJi  the  former  orgauiam.  U  Hfiems  to  be  oucasionally 
associated  with  anginal  conditionK,  which  are  characterized 
by  the  fornmtiou  of  a  false  inembrane  with  an  absence  of 
any  general  symptoms.*  A  micrtiseupicul  ex-amination  of  tho 
membrane  will  sbuw  the  organism  siUTonnded  with  a  capsule 

'  Joum.  Exp.  Med.  iv..  IMITO.  \u  l«l>  (Bibliog.). 

'  .l«ii,  d<!  VJmt.  Pastfur.  xl,  IH'.IT.  p.tl7  (NiooUe and  H^bort).    See  also 
Pokes,  Brit.  md.  Journ.  1897,  i.  p.  715. 
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and  unstainable  by  Gram's  methotl.  If  a  culture  be  made 
un  serum,  the  large,  round,  greyish  colonies  af  the  bacillus 
will  bo  recognizable  in  fifteen  to  twenty  hours,  and  Hhould 
be  examined  microscopically.  To  obtain  a  pure  culture  a 
white  mouse  should  be  inoculated  from  a  colony ;  it  will 
die  ill  kweuty-eight  to  sixty  hours.  Friedhtuder^B  pneumo- 
bacillus  has  also  been  met  with  in  water  by  Grimberfc.' 
According  to  him  it  is  identical  with  the  B.  capstdatus 
of  Mori. 

Clinical  Exaiquation  (Pneumonia). 

1.  Make  cover-glass  apecimena  from  the  rusty  sputum  and 
ytHin  some  uifch  Ldffler's  blue,  and  others  by  Gram's  method 
with  eotjin.  liy  a  luicroBcopical  exaiuinutiuu  the  oval  dipluoucci 
will  be  readily  recoj^nized,  Friedliinder'a  pneumo-haciUus  being 
diatiaj,'uished  from  thu  Diplococcus  pncumon'ue  by  being  de- 
ciolorii'.ed  by  Gram'a  method.  The  latter  organmtu  is  the  only 
uni:,  moreover,  which  ia  likely  to  be  ordinarily  mot  with. 

2.  If  the  diplococci  are  found  to  be  fairly  iibimdant  in  the 
sputum,  nnd  other  orf;ani«ni8  nearly  absent,  an  attempt  may  be 
made  bti  cultivate  by  lurMiulutiu;^'  several  glycerin-agar  and  serum 
tube^  ami  iociibiuing  at  37"  C.  for  forty-oight  hours. 

8.  If  the  diplococci  ure  scanty,  or  so  mixed  with  other 
ur^mnisms  that  it  in  difficult  to  identify  them  and  probably 
imiwssible  to  obtain  a  pure  culture,  a  drop  or  two  of  the  sputum 
should  be  uijected  into  the  peritonea!  cavity  of  a  mouse  or 
rabbit.  The  animal  will  die  in  from  twenty-four  to  thirty-six 
hourtj,  and  the  Diplococcus  pneiivwnics  will  be  found  plenti- 
fully in  cover-glass  specimens  prepare<l  from  iho  blood  or  Inuy- 
juice,  and  puro  cuUurcH  can  be  ruadity  obtained  by  inoculating 
glyceri  Q-ayar  tubes  with  the  blood  or  lung- juice. 

4.  The  culture  or  inoculation  method,  preferably  both,  will 
probably  have  to  be  adopted  for  the  recoj^'nition  and  iHolation  of 
the  Diplococciis  pncuwtjuite  in  pus  from  ompyomafca,  abscosaee,  .tc, 

5.  Friedliindor's  pncumo-baeilhis  can  bo  readily  isolated  by 
makin^;  gelatin  plate  culUvaiions,  in  which  its  colonies  form 
whilt!^  shining',  heajMid-iip  poinki. 

'  Ajin.  d4  Chut,  Pasteur,  i.,  1«'J6,  p.  708. 
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limite  bacilliijs  was  iiiBt  deBcribed  in  this  di&eage  by 
m    1892,  wbo  found  it  in  large  numbers  in   the 

ill  secretion,     Iii  order  to  IsoUte  the  organism  a 
with  bronchial  expectoration  Bhuiild  be  choaen  ;  he 
lis  month  and  garglea  his  throat  with  hot  water 
times,  and  then,  after  coughing,  the  expectoration 
;ned.      A  little  of  this  exi>ectoration  is  washed  by 
;   iu   ft   test-tabe   with   sterile  salt   solution,    then 
1^  the  washing  with  sterile  salt  solution  in  a  second 
illy  in  a  third  lest-tube.    By  means  of  a  platinum 
a  number  of  glycerin  and  blood   agar    tubes   are 
:ed  with  the  sputum    lifter   the  last  washing,  and 
.ul  at  37^  C. 

phohnff/. — Th^   inlltieriKa   bacilhis   in    one  of    the 
1   bacilli  with  wbit'h   we   ai'c  acijuainted.      It  in  u 
loii  0'r*-lp>  M  ill  Itiiif^Uij  uud  in  iion-iiiotile  iiiul  iion- 
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It  BOOH  dies  out  in  euUivatio!t,  but  uceordiug  to  Klein 
can  be  kept  alive  for  some  weeks  in  gelatin  incubated  at 
)M^  C-  The  litjut'ticd  j^elatin  rpniaiuH  clear,  tho  gi-owth 
forming  a  delicate  floceulent  precipitate  at  the  bottom. 
ProparatioiiK  from  cultures  show  long  twisted  chains 
and  threads  of  bacilli,  aggregated  so  as  to  form  dense 
networks  and  convolutions.  These  chains  or  threads  are 
composed  of  bacilli  placed  end  to  end,  and  miited  by  a 
continuation  of  the  cell-membrane.  Involution  forma  occur. 
It  is  stated  to  grow  l>etter  in  association  witli  the  M.  pt/o- 
ffeneSf  var.  aureus^  than  alone.  The  organism  does  not 
seem  to  bo  able  to  live  outside  the  body  for  any  length 
of  time,  and  is  readily  destroyed  by  desiccation,  weak 
antiseptics,  and  by  a  temiterature  of  60°  C.  acting  for  five 
minutes. 

Pathogenic  Action. — Canon  stated  that  he  obtained 
this  bauilluB  frum  the  blood  iii  a  number  of  cHses,  but  many 
other  hnestigators  have  failed  to  iind  it.  Klem  also  obtained 
it  in  six  cases  out  of  forty-three  examined.  According  to 
Pfeiffer  the  liacillus  is  pathogenic  only  to  monkeys  and 
rabbits.  Klein,  liowever,  was  unable  to  obtain  any  definite 
eiTei-ts  in  these  animals  by  the  injection  either  of  sputum 
rich  in  liacilli  or  of  pure  cultures. 

The  influenaa  bacillus  is  met  witli  in  all  uncomplicated 
cases  of  infiuenza  in  the  nasal  and  bronchial  secretions, 
often  almost  in  pure  culture,  and  in  the  bnmchial  tubes  and 
lung  in  the  pneumonic  complications  accompanying  the 
disease.  The  organisms  disappear  with  convalescence,  and 
are  not  met  with  in  otiier  diseases.  Klein  '  apj>earH  to 
consider  that  the  pneumonia  often  complicating  the  disease 
is  prol)ably  directly  due  to  the  bacilluB,  The  typical 
inlluenxa  pneunionia  is  of  the  lobular  type  with  a  cellular 
rather  than  a  tibnnous  exudate,     Tnie  lobar  pneumonia, 

'  '  l''urthvr  lloport  yii  EpiOomic  Iu11uoh/.u,  1HS9^02,'  Local  Gov.  Board 
lirport^  leys,  p.  85. 
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due  to  th*!  Diploeoccus  jmeunionuEf  luayj  however,  compli- 
cate the  inliuenzal  attack.  The  organism  also  occurs  in 
bronchitis,  broncho-pneumonia,  and  whooping-cough. 

Ahhnu^'h  tlio  typical  intinon^.a  may  Ix*  Jug  ti>  thoB.  in/humztB^ 
iiiany  febrile  conditions  attendeil  with  puliuonary  catarrh  and 
freqnrntly  termofl  '  influenza  *  tiw  nofc  due  to  fchia  organiam.  In 
an  opidoniic  sininlnbing  iiifluonxa  occurring  in  Etisex  in  1005,  the 
exttininalioE  was  negative  as  regards  streptococci,  J3.  diphlherue, 
and  B.  itijlucmce,  Imt  the  M.  caiarrhalis  was  present  in  numbers 
in  moat  casea  (twenty-two  out  of  twenty-four).  This  organism 
was  originally  isolated  by  Soifert  in  a  small  epidemic  of  infectious 
bronchitis,  afterwards  by  PfeiiTer  in  ctisea  of  broncho-pneumonia 
in  young  children  (see  p.  221).  Two  other  Gram-negativo  cocci 
were  also  isolated  from  throe  other  cases  (see  table,  p.  226). 


Clinical  Examination. 

In  wisoB  of  influon/a,  Hccompanio*!  with  bninL-hitis  i»r  pneu- 
nurnia,  the  inlbu'ri/a  biLcilbis  may  I*  mnt  with  in  largo  numbers 
in  the  sputmu,  and  their  prpaencc  may  aid  in  coniirniiug  the 
diagnosis.  Cover-glass  proparations  nmy  lie  ataincd  with  carbol- 
mcthylene  blue. 
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ClIAPTEK    XIIL 

Anaerobic  Oroanisms. 

tbtanus — malignant     (edema- -ijlack     girauteu — bacilluh 

WBLCHII      (AEB0GENE8      CAPSULATU8,      ENTBarriDIS      8P0U0- 

gbnb8) — bacillus    cadaveris    8porogene8— clostridium 
butyricum. 

Tetanus. 

The  causation  of  tetanus  was  for  a  long  time  involvetl  in 
mystery.  No  obvious  or  charaefceristic  changes  b«ing  met 
with  after  death,  the  disease  was  regarded  by  luany  as 
*  fuuctioual.'  Others  believed  that  a  primary  lesion  of  tlie 
central  nervous  system  might  be  the  cause  of  the  affection, 
while  a  few  classed  it  with  the  s[>ecilic  diseases. 

It  had  long  been  noticed  that  wounds  soiled  with  earth 
were  specially  prone  to  be  followed  by  tetanus,  and  fijtern- 
berg  in  IHHO,  and  Nicolaier  in  1884,  produced  tetanus  in 
rabbits  by  mtroducing  a  little  garden  etirth  beneath  the 
skin.  The  latter  observer  found  at  the  seat  of  inoculation 
and  in  his  impure  cultures- -for  he  was  unable  lo  obtain 
pure  ones— a  distinctive  bacillus,  and  he  was  able  with 
tliese  cuHurus,  and  with  Lho  pus  fruni  the  scat  of  inoculation, 
to  induce  tetanus  in  other  animals.  Carle  and  lUittone 
sulisequently  showed  that  the  hacilhTs  of  Nicolaier  was 
present  in  the  tissues  of,  and  secretions  from,  the  wound, 
in  cases  of  traumatic  tetanus  in  niau,  and  that  inoculation 
with  the  pus  from  such  a  wound  produced  tetanus  in  the 
lower   animals,    observatiOBB    which   were    coniirmed    by 
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BoBenbach  in  1885.  Tho  bacillus  \vaB  isolated  in  pure 
culture  by  Kitasato  in  1889,  by  taking  the  impure  cultures 
obtained  from  the  wound  in  a  caKo  of  tniumatic  tetanus, 
heatinf?  bo  80°  C,,and  plating  the  heated  cultures,  the  plates 
being  incubated  anat'robically  in  hydrogen. 

Morphohygij. — The  Bacillus  ktani  is  a  straight,  slender 
rod  with  rounded  ends,  but  under  cultivation  the  rods  may 
grow  into  longiah  fdamentB.  It  is  some- 
what motile  and  jwssesses  a  large  number 
of  fbigclla,  tliroe  or  four  of  which  are 
generally  thicker  than  the  rest.'  Spores 
arc  froely  formed  ;  they  are  spherical 
and  develop  at  one  extremity  of  the  rod, 
and  their  diameter  being  much  greater 
than  that  of  the  rod,  the  spore-bearing 
organism  has  been  likened  to  a  *  pin  *  or 
*  drum-titiuk  '  (Pbite  XVL,  h).  It  stains 
with  the  ordinary  anilin  dyes,  and  also 
by  Gram'ti  method. 

Gidtural  Characters,- 'Hie  B.tetani 
is  a  Htrirtly  anai*robic  organism  and  will 
not  grow  in  the  presence  of  a  trace  of 
free  oxygen,  nor  in  an  atmoaphere  of 
carbon  dioxide.  It  can  be  rultivated  in 
deep  tital'H  in  glucose  agar  and  gelalin, 
or  in  broth  by  Buchner's  method,  or  in 
an  atmosphere  of  hydrogen  (p.  04).  In 
a  gelatin  stab-culture  at  '22*  C,  the 
growth  radiates  from  the  central  punc- 
ture, and  tlie  gelatin  ia  slowly  liquefied.  In  a  glucose 
agar  stab-ndture,  it  forms  feathery,  radiating  outgrowths 
from  the  central  puncture,  a  small  amount  of  gas  being 
formed  (tig.  47).  Broth  becomes  turbid  with  the  forma- 
tion of  some  gas  and  the  development  of  a  foul  odour  ; 
■  Kftothack  nnd  Connell.  Juuni.  faih,  und  iSmt.  iv..  lSlf7,  p.  ^5*2. 
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there  is  no  film  formivtion.  The  colonies  have  a  central 
C)jiu([ue  portion  siirrotitnliHl  by  divertjing  rays.  It  grows 
on  Keruia  without  Itqnefactioji  i\m]  in  uiilk  without  eunl- 
liiig.  The  tctauuB  bacillus  reinains  alive  for  some  tune 
in  cultures,  and  the  spores  retain  their  vilulity  fm-  monthB 
in  the  dried  state,  withstand  a  temijerature  of  80''C.  for 
an  hour,  but  are  killed  by  boiling  for  five  minutes.  Carbolic 
acid  (1  :  20)  does  not  destroy  the  spores  under  about 
fifteen  houre. 

Pathogenic  Action. — Man  and  the  horse  are  moat 
subject  to  tetanus  ;  cattle  and  sheep  are  rarely  affected, 
while  the  fowl,  frog,  tritnnj  snakeB^  and  tortoise  are 
immune.  Mice,  rabbits,  and  guinea-pigs  arc  all  very 
Huscpptible.  Tlie  bacilluH  is  prfiHoiit  iii  tlu^  siiporficial 
layers  of  the  soils  in  many  localities,  but  not  in  all,  and 
this  accounts  for  the  fact  that  tetaiiuB  is  rare  in  some 
places  and  frei|uent  iji  others.  Curiously  enough,  some  of 
the  savage  inhabitants  of  the  Solomon  Ishmda  have  made 
use  of  poisoned  arrows,  the  poisonous  nature  of  which  is 
due  to  tetanus-bearing  earth.  The  arrows  are  tipped  with 
a  viscid  Huid,  then  rubbed  in  the  soil  from  a  manj^'o  swamp, 
and  afterwards  dried.  Individuals  wounded  with  these 
an'owH  iitlvn  develop  tetanuH. 

The  bacillus  is  confined  to  the  seat  of  inoculation,  or  at 
most  is  met  with  in  the  nearest  lymphatic  (glands,  so  that 
the  general  Bymptums  are  due  to  the  absorption  of  the 
chemical  products.  The  organisms  associated  with  the 
tetanus  bacillus  ui  earth  are  probably  of  considerable 
imiM>i'Uuce  in  the  production  of  the  disease,  for  it  has  been 
shmvM  thai  if  the  tetanus  bacilli  and  their  spores  be  care- 
fully washed  so  as  to  remove  all  adherent  toxins,  they  fail 
to  set  up  tetanus  on  inoculation,  while  if  the  same  washed 
bacilli  be  injected,  together  with  a  little  lactic  acid,  tetanus 
follows  ;  tiie  explanation  being  that  the  bacilli  are  unable 
to  multiply  unless  the  surrounding  tiBSuee  are  damaged  and 
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phagm^ytoBifi  prevented.  The  aBsociated  organisniB  in  the 
wound  proLal>ly  effect  tluH,  aud  do  not  act  hy  producing 
a  condition  of  tmatTobiosia  as  has  been  suggested.  The 
researches  of  Ranfloiu  and  Jfever  have  shown  that  the 
tetanus  toxin  is  mainly  absorbeti  by  the  nerve  trunks- 
(8oe  also  p.  147.) 

Toxins,  -Bneger,  from  impure  cultures  of  the  tetanus 
bacilluB,  obtained  two  basic  IwdieH  which  lie  termed  tetanine 
and  tetano-toxin,  the  former  producmg  tetanic  symptoms 
ill  mice,  and  the  latter  tremor,  paralysis,  and  finally 
convulHionH.  Brieger  alao  isolated  tetanine  from  the 
amputated  limb  of  a  tetanic  patient.  Brieger  and  Fninkel 
obtained  a  tox-albumin  from  bouilhm  cultures  which 
induced  tetanuH  in  guinea -pifj:a.  Briej^er  and  Cohn  subse- 
quently inveetigaled  tlie  tetanuH  ptnuon  olitaiiied  by  pre- 
cipitatiuf;  veal-broth  cultures  with  ammonium  sulphate 
added  to  saturation.  The  poison  formed  a  flo(,'culent 
precipitate  which  floated  on  the  surface ;  it  was  purified 
by  redisBolving,  precipitating  the  protein  with  l>asie  lead 
acetate,  and  removing  other  soluble  impurities  by  dialysis. 
So  prepared,  the  tetanus  poison  forms  yellow  flakes, 
odourless,  and  soluble  in  water,  but  not  giving  the  Millon 
and  xanthoproteic  reactions,  it  is  not  precipitated  by  most 
metallic  saltH,  and  is  not  carried  down  byUoux  andYersin's 
method  of  precipitation  with  calcium  phosphate.  It  contains 
no  phosphorus  and  only  traces  of  sulphur.  Of  the  moht 
active  preparation  0*00000005  gram  Icilled  a  mouse.  Brieger 
and  Boer  also  obtained  the  tetanus  toxin  by  the  same  method 
as  that  used  for  the  separation  of  diphtheria  toxin  (p.  254). 

In  a  case  of  tetaims  examined  l)y  Sidney  Martin,'  an 
albumose,  chielly  deutero-albumose,  was  extracted  from  the 
blood.  Injected  into  an  animal,  it  produced  depression  of 
temperature,  followed  by  progressive  wasting,  but  no  spasm 
or  paralysis. 

'  Brii.  Med,  Journ.  1892. 1  p.  750. 


PLATE  XVI. 


a.  Bacillcb  Tetam. 

COTKB-OLAM   PbEPAOATION   OF  A    PtUE   CrLTUBS.       x    1500. 


6.  BAcnxtm  Wkxxiiiu 
Coren-OLASR  PRBPAnAnoN  or  a  Miuk  CcLTtmi.      •   1000. 


TETANUS  ANTITOXIN 


399 


Tetanus  toxin  has  an  espeeifti  aftiuity  for  nerve  cells. 
U  injected  into  the  blood  stream  it  ia  removed  and  fixed  by 
the  cells  of  the  central  nervous  system  within  a  few  seconds. 
If  tetanus  t^jxin  be  trituratf^d  with  the  fresh  brain  of  a  guinea- 
pig  in  a  luortar,  th*;  resultin^^  enmlaion  in  found  to  be 
non-toxic  if  injected  into  an  animal,  the  toxin  having 
entered  into  combination  with,  or  being  anchored  to,  the 
nerve-tissues  by  means  of  its  haptophore  groups.  In 
addition  to  the  tetanizing  substance,  tetanospafimin,  tetanus 
toxin  contains  a  ha;molysin,  tetanolysin.  By  treatment 
with  carbon  disulphidc,  tetanus  toxin  becomes  practically 
non-toxic,  though  it  still  retains  its  power  of  immmaizing 
on  inoculation  and  of  combining  with  antitoxin — that  is  to 
say,  bodies  are  formed  analogous  to  the  toxoids  of  diphtheria 
toxin.  Injected  in  small  doses  into  an  animal,  the  muncles 
near  the  seat  of  inoculation  are  usually  tirst  affected  with 
tonic  spasm  (fig.  48), 

Fermi  and  Pernossi '  found  that  agar  cultures  of  tetanus 
were  the  most  toxic — more  so  than  gelatin  and  bouillon  ones. 
According  to  their  investigations,  the  tetanus  poison  is 
destroyed  in  an  hour  at  55°  C.  in  the  presence  of  water  ;  it 
is  also  destroyed  after  exposure  to  direct  sunlight  for  from 
eight  to  ten  hours,  and  does  not  seem  to  be  an  enzyme. 

Antitoxin.  -  If  an  animal  is  cautiously  injected  with 
tetanus  toxin,  commencing  the  treatment  with  a.  weakened 
toxin,  and  incretising  the  dose  very  gradually,  a  high 
degree  of  imtnunity  is  ultimately  obtained,  and  the  blood 
scrum  acquires  marked  antitoxic  properties.  The  toxin  is 
ohtaijied  by  growing  the  tetanus  bacillus  in  bcuillou  in 
an  atmosphere  of  hydrogen  for  about  three  weeks,  and 
filtering  through  porous  port'olain.  To  obtain  an  active 
serum,  treatment  has  to  be  prolonged,  a  horse  immunized 
by  the  writer"''  retiuiring  six  mouths.     The  antitoxic  serum 

'  Cmlralh,/.  BakL  {V  Abt.)  xv..  ]8!)4.  p.  31)3, 
=>  Brii,  Med.  Jount.  1895,  i.  p.  4C4. 
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BO  obtained  is  by  far  the  most  active  with  which  we  are 
ucquaiiited,  and  is  now  recognized  as  the  projxar  remedy  to 
use  111  cases  of  tetanus  in  man.  Aa  re^ardn  the  value  of 
the  antitoxic  treatment  of  tetanus,  it  cannot  bo  said  to  be 
BO  sueceHsfiil  as  that  of  diplitheria^  and  for  this  reason  :  in 
diphtheria,  in  a  large  prnportinn  of  the  cases,  a  local  mani- 
festation in  present  to  aid  diaf^nosiH  before  any  Kerious 
absorption  of  the  toxin  has  taken  place,  wliereas  In  tetanus 
the  diseaHe  iH  only  recognizable  by  the  sympt^jms  induced 


Pro.  48.— QurasA-pio  iNoortATRp  \'iim   ^     mm    I  -    k  ap  Tftancb  Toxix, 

SlinWINQ    r\R.VI.\TIC    CoMHTIOS    i "  1-     UnillT    HlM'    l.V.H    pfK    T<»    Sl'AHM- 

by  auch  absorption.  Nevertheleas,  it  can  hardly  be  doubted 
that  it  is  our  duty  to  employ  the  remedy  not  only  in  the 
fnlly  developed  dineafte,  bnt  also  in  certain  cases  as  a 
prophylactic.  As  the  toxin  is  at  once  fixed  by  the  nerve- 
tissue,  the  antitoxin  should  l*e  injected  into  the  central 
nervous  system  in  order  to  obtain  immediate  action. 

ClINICATj    Ex.AMrNATION. 

The  symptoms  of  tetanus  are  uHually  so  obvious  that  a  bac- 
toriokji^icol  examination  is  not  needed  to  GstabliHh  the  Jjiipjnosis, 
and  nnlesH  there  in  an  evident  wound  it  will  U^  r^ilbcalt,  if  not 
imiKisflible,  to  detect  tho  tetanus  bacillus. 
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1.  PrE'paro  Moveral  cover-glass  flpt'cimona  of  the  ]>ua  or  tlis- 
chiirj^ft^,  and  Htain  by  Gram'a  method,  ExaniiTie  microscopically, 
looking  for  the  apore-bearing  roda  or  '  ditini-Htickfl.' 

2.  If  '  drum-sticka '  Ix;  found,  an  atUmipt  may  be  mado  to 
isolate  tho  bacillus  by  making  anac-mbic  plate  cultivations  from 
the  discharge,  after  heating  it  in  capillary  pipettes  to  80°  C.  for 
lialf  an  hour. 

3.  InoculalG  two  guinea-piga  with  the  discharge.  If  they  die 
with  tetanic  symptouiB,  treat  the  pus  at  the  seat  of  inoculation 
as  in  2. 

Malignant  (T^df.iia. 

Afalignant  fi-dema  is  met  with  in  man  in  (ronnnxion 
with  wouiuIk  soHt^d  with  septic  mutter,  compound  fmcturoH. 
('(tiitusod  rtiul  lauonit^ul  wounds^  A-c.  TKually  there  iH  a 
putrefaetivo  and  rrdmiiatoufl  condition  of  the  tisHueH  with 
Biibcutaneous  *niiphysema.  Animals  also  occasionally  HuiTer 
from  the  disease,  which  can  be  produced  lu'tiiicially  by 
inoculation  with  dust*  (Inst  from  straw,  the  upper  layers  of 
garden  eurth,  and  decompoHinf^  animal  and  vegotjildc  matter. 

If  a  guinea-pig  be  inoculated  subcutaneously  with  a 
littli!  garden  earth,  it  will  very  likely  die  in  forty-eight 
hours.  Tost  mortem,  the  snhcutanoous  tissues  around  the 
seat  of  inoculation  will  he  found  to  be  (edematous  and 
hlood-staineil,  with  more  or  less  development  of  gas.  The 
internal  organs  are  only  slightly  altered,  Init  the  spleen 
may  be  somewhat  enlarged.  The  juice  from  the  seat  of 
inoculation  will  he  found  to  contain  a  mixture  of  organisms, 
hut  in  the  blood  and  organs  few  will  be  found.  Tiider  the 
capsule  of  the  spleen,  however,  long  slender  rods  may  l>e 
seen  ;  these  are  the  bacilli  of  malignant  ti'deraa. 

Morphology, — The  bacillus  of  malignant  (tdema  is  a 
long  and  slender  rod,  several  of  which  may  be  united  into 
a  thread.  It  is  motile,  possesses  several  flagella,  and 
is  readily  stained  by  the  ordinary  anilin  dyes,  hut  not  by 
Gram's  method.  It  spores  freely  at  temperatures  above 
20''C..  the  spores  being  large  and  central. 
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Cultural  Char/rrtfim.  —  The  batullus  of  mjilip^iant' 
CDcleraa  is  a  strictly  iinat  rol»ic  organism,  but  <Trow8  freely 
wlu'U  oxygen  is  excluded.  In  a  deop  stall  in  glucose-af»ar 
it  forma  a  thick  line  of  giowtii  in  the  needle  track,  with 
ii'regular  outline  and  f*reyifih-\vlnte  in  colonr.  Thore  is  pro- 
fuse dovoloiitnoiit  of  gas,  neconipaiiit'd  hy  a  foul  odour,  nnd 
ftlitended  with  rupture  of  the  medium  into  several  portions. 

The  hacilhiH  of  maligiuint  nMbinia  is  an  nri^anisin  which 
has  to  he  difttinguislied  from  anthrax,  and  tliere  should  be  no 
flirtioulty  in  doing  this.  Post  mortem,  the  spleen  is  rarely- 
found  nnudi  enlarged  in  malignant  nedema,  the  tirganiHtu 
is  not  very  abundant,  in  iilmoBt  entirely  absent  from  the 
blood,  and  i«  only  found  under  the  cApsule  of  the  spleen, 
not  at  its  centre.  Tf,  however,  several  hours  have  elapsed 
since  dcatlj  octurrod,  the  organism  may  liuve  wandered 
iiUo  the  blood  and  the  centre  of  the  spleen.  The  baeilhis 
of  malignant  (cdoma  is  motile,  the  anthrax  bacilluH  non- 
mottle  ;  the  former  occurs  as  a  long  slender  iilament, 
which  on  staining  is  seen  to  consist  of  two  or  three  long 
HcgnicntH  ;  it  doen  not  stain  by  (iram's  method  (except  by 
Claudius's  modification),  and  is  strictly  anat-robic.  Access 
of  oxygen  may  render  the  malignant  o'doma  bacillus  non- 
motile. 

Bacillus  WELcanJ 

frobnhit  SynonymM*  —  B.  aerognten  tapstiUiiun  fWrlch  anil  NDttnll), 
Grnnuh-Bnf-ilhis  aaeehnro-bufyricua  ivimnhHis  liquefmims  (OraKt^bei-^er 
iiiid  i^chniiQuUoh)^  B.  enterit'idifi  sinrrotjems  (Klein),  B.  jicrfriiigmts  (Veillon 
nnd  ZuheT),G%s-ph1cgmon  bacilton  (Fr&nkeb,  BaciUasof  acate  rhemnntisnk 
(AcbiLlmc). 

Tliis  organism  was  originally  described  by  Welch  and 
Nuttftll  under  the  name  B.  aerogenes  cnpxufattts,  and 
occurs  in  conditions  accompanied  by  much  development  of 

'  See  Wflcb  nnd  Nultall,  flull.  Ji-hns  Ifitpkins  llnAp.  iii.,  I8U2.  p.  HI  ; 
Welch, '  SliaUuck  Lcetme,'  ibid.  xi..  1900.  p.  185  :  Dunham,  ibid,  viii.,  1897, 
p,  08;  Welch  and  Flcxncr.  Jouni.  Ejpcr.  Med.  i.,  IfltlO.  p.  fi;  Herter. 
Bacterial  Infections  of  the  DigfHtirc  Tract,  1907  ;  Kanim,  Ceutr.  f.  BakU 
Orig.  XXXV.,  1904,  pp.  554,  C8ti ;  and  Archw  f.  Ifiig,  Uii.,  1905,  p.  128. 
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gaB  in  the  tissueH,  as  in  cases  which  inip:ht  be  descrihed 
either  as  phlegmonous  firysijioLiH  or  ^fniij^rene  with  suh- 
ciUaneouH  onipliysemu,  osporiuUy  iiftcr  Injuries.  It  is  also 
met  with  occasionally  in  i>erforativ*»  peritonitis  and  in 
various  septiciPiuic  and  pyanuic  oonditionR,  in  the  puerperal 
Hlate,'  eoniplicated  Htrieture,  ^c. 

The  li,  Welchii  ie  widely  distribuidd,  iind  lias  been 
f^ultivated  from  the  soil,  dust,  and  Cl^ntf'nts  i>f  the  intestine, 
(.Tfts-ljiiMdes  found  in  Llm  liloud  and  inttirnal  oryiiris  {'  foamy 
organs')  Rt  an  autopsy  seem  <;enerally  to  l>e  due  to  this 
organism^  but  raay  occasionally  [wrluipR  he  caused  by  other 
putipfactive  bacteria. 

Min-pholoff!/. — The  H,  Wclchii  is  a  non-iuotile,  8[K>rinf?, 
anthrax-like  hacillits,  viu'iahle  in  size,  hfiing  31  in  (!  fi  in 
length  (I'late  XVI.,  b).  It  occurs  singly,  in  short  chains,  or 
in  (dumps,  and  occHsionally  in  long  threads.  It  stains  well 
with  the  ordinary  anilin  dyes  and  also  by  Oram's  melhod. 
A  capsule  Is  often  present,  hut  spores  are  only  formed  in 
blood-serum  cultures. 

i''ft!tttr(tf  Charactrrs.  -  'The  Ti.  Welchii  gi-ows  well  on 
all  the  ordinary  cuHuro  media,  slowly  at  20"  C,  rapidly  at 
hlof)d-heat,  hut  is  strictly  anai*rohic.  It  forms  greyish- 
white  colonioji  on  agar,  an*l  gelatin  is  li(|uefied.  In  glucose- 
hrolh  it  produces  at  iirst  a  ditTnse  cloudiness,  but  lat-er  the 
Huid  becomes  clear  and  a  whitish  viscid  sediment  settles. 
Milk  is  coagulated,  the  casein  forming  a  tliick,  stringy, 
honeycombed  mass  on  the  surface  of  a  clear  watery  wliey. 
On  potato  tliM  growth  is  almost  invisible.  There  is  abundant 
formation  of  gas  in  culture  media,  the  gas  both  in  dextrose 
media  and  in  milk,  according  to  Theobald  Smith,  consisting 
of  hydrogen  and  carbon  dioxide  in  the  ratio  2  :  1  or  IJ  :  2. 

Pathogenicity. — The  B.  Welchii  is  pathogenic  for 
guinea-pigs  and  mice,  but  slightly  so  for  rabbits.  The 
whey  of  a  milk  culture  in  quantities  ttf  0*5  2  c.c.  jier 
*  See  LiUle,  BuH.  Johm  H*ti)kins  Hojrp.  xn.,  11>05,  p.  130. 
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100  RVftms  of  body  woip;hl  pmilnces  death  of  a  guinen-plg 
within  ftirtv-oi^dit  houra.  PoHt  mortmn,  if  injected  suh- 
eutaneously,  llie  hair  strips  readily  from  the  skin,  whicli 
may  Iw  ^recn  nnd  f^jingrenouw,  the  subcutiineouH  tissue  nifty 
alfio  lie  green  and  s^ngienous,  or  more  or  less  digested^  so 
that  the  skin  hangB  loose,  and  the  sac  formed  contains  gas 
and  exudation,  sonietimeH  scanty,  Hometinies  abundant, 
thin  and  sanguinolent,  and  containing  numbers  of  bacilli. 
If  the  post  uiorlein  lie  delayed,  or  if  the  hoart-blood  I>e 
taken  ui»  into  tubos,  and  these  seaUnl  and  incubated,  many 
of  the  bacilli  will  1>6  found  tn  be  Hporing.  Tigeona,  by 
intrauuiscular  inouulation,  are  also  suHrejitible.  Injected 
intravenouHly  into  a  nibbit,  the  animal  killcMl  innnedijitely 
and  the  carcase  incubated  at  ST*^  C.  for  twenty-four  hours 
and  examined,  there  is  an  abundant  fi>rnaHtion  of  gas, 
partii'iilarly  in  the  liver,  whirli  Ih  riddled  witli  gaw-bubl>lo8. 
This  is  a  very  characteristic  teat  (Welch-Nuttall  test). 

The  /j.  Chfiinui'i  iiho  produces  this  '  foaming'  condition 
of  orgauH  when  similarly  treatedj  but  spfu^es  freely,  wliereas 
the  B.  Wekhii  does  not  spore  under  such  conditions. 
MonkeyH  fed  with  considerable  numbers  of  7^.  IVrfrhii  arc 
unaffected.  In  the  human  intestine  the  organism  is  almost 
absent  or  scanty  in  nurslings  and  children,  but  becomes 
more  and  more  abundant  as  age  advances.  It  la  probable 
that  it  is  capable  of  producing  necrotic  clianges  in  the 
intestinal  mucous  membrane.  Pifferent  strains  seem  to 
vary  much  in  virulence. 

Prodtfvis  and  Toxinff.  The  gaw  production  has  already 
been  mentioned.  Butyric  and  allied  acids  are  freely 
formed,  but  laeiiu  acid  is  scanty.  Indole  may  or  may  not 
be  produced.  Ihemolytic  substances  can  be  readily  detected 
in  blood-bouillon  cultures,  and  the  organism  is  abundant  in 
llie  intestine  in  some  cases  of  primary  anaimia  and  possihly 
may  have  some  relation  to  the  condition.  In  some  cases 
of  infection  the  blood  serum  agglutiiuites  the  organism. 
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Under  the  uamo  U.  cti  teritidis  sporoyenes,  Klein  '  isolntod 
u  IhiclUus  similar  to  the  B.  Wefchii  from  tho  uvaciititu>nH  of,  and 
from  milk  consumutl  by,  patients  BuOferinj^'  from  an  I'piiioruic 
diarrliii'a  which  occurred  in  St.  liartholomew's  HospitiLl ;  as  did 
Andrcwoa/^  from  catfea  of  diarrluL^u  adtuilt*.'d  into  tho  samo 
hoHpital.  Klein  Ixilieved  this  organium  to  bo  tho  cause  of  the 
diarrhcL'a,  and  fltatfid  that  it  conld  not  be  found  in  tho  intestinal 
evacuations  of  be^ilthy  individiiulH.  Klein  also  found  it  in  watiu' 
Stiwage,  manure,  and  milk.  The  writer,  liowever,  showetl  tbat  it 
could  generally  be  found  in  the  normal  dejecta,  also  in  road  and 
labonvtory  dust^  and  frequcutly  in  milk,  and  the  opinion  be 
formed  was  that  it  was  probably  a  ubiquitous  organism  and  had 
little  to  do  with  the  dianha'a/  Glynn  also  found  the  organism 
to  be  very  widely  distributed  and  fed  guinea-pigs  with,  and 
himself  ingested,  cultures  without  result.* 

The  B.  cnterilidis  sponujcnea  in  its  morpliology,  stuiniug 
reaction,  and  cultural  characters  is  almost  if  not  i\\\\iv  iduniical 
with  tho  preceding  organism,  the  U.  Wckhii  orL'.  acixujenm  cap- 
sulitttis  of  Welch.  The  only  point  of  ditTerence  betwot^n  them  is 
ihat  the  fornuT,  accordinj^  to  Klein,  ia  motile  and  flagellatGd,  while 
the  latbt-r,  ucconling  to  Welch,  is  unn-motiU'  and  non-dngt'llated. 
SiHJn^s  are  only  formed  in  seruiu  or  gelatin,  not  on  a;^ar.  It  is 
abundantly  present  in  sewage  and  sewage  contaminatetl  wattr 
(see  Chapter  XXL).  The  Closttidimn  bnlt/ricum  of  Batkln,  an 
energetic  butyric -acid  -  forming,  anaerobic  Imcilhis  (p.  407}, 
producer  changes  in  milk  similar  to  ihose  of  the  B.  llWc/it*,  but 
is  non  pathogenic. 
Clinical  Examination  (Maliunakt  (Edi:ma  and  B.  Weichti). 

The  character  of  tho  wound  and  discharge  will  probably  givo 

some  indication  of  the  existence  of  infection  with  malii/nant 
U'duma  or  with  B.  WckhiL  The  tissues  are  softened,  a'deiuatuus, 
and  discoluurud,  and  >ioaked  with  a  foul-smelling,  sauguineous 
lluid»  which  may  be  frolliy  from  the  development  of  gfis.  Other 
biicilli  will  probably  bo  present, 

'  Ufp.  AUti,  Of.  Loi%  Got',  Board,  181>5  96.  p.  ly?  ;  ihid.  lB07-i»8,  p.  225. 

''  Ibid.  Un  »ftiM'.-U7,  p.  225. 

■  Trans.  Jvnucr  liiit,  J'rcv.  Mai.  ii.,  IHWK  p.  70. 

'  ThijtniNivn  i'a/M  Lab.  Ilcp.  iii.  I*t.  ii.  litOI.  p.  131. 
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1.  Make  cover-glass  spcciiuena  from  thi^  diacharge.  StAin 
some  with  Loffler's  blue,  and  otliurs  by  CSram*s  methcMl.  Exauiine 
microscopically,  and  look  for  bacilli  of  the  fortus  doHcribcd.  The 
mulignant  (udeiua  does  not  Btain,  the  //.  Wclehii  BbAins,  by 
Gram. 

2.  Iiiocidato  two  f^uini^i-piga  snbciitanoously  with  the  dis- 
charge or  with  pf)rlirnis  of  the  tissues.  If  the  animals  die,  look 
for  the  characteristic  organism. 

a.  An  attempt  may  Ik;  made  to  isolat-o  the  bacillas  by 
anaerobic  cultures  and  plate  cultivations. 


BAC'ILtiUB    CADAVKBIS    Hl>onoaKNKK. 

This  is  another  organism  isolated  by  Klein,'  and  has  to  be 
dintingiushed  from  the  B.  WelchiL  The  two  organisms  are 
morpholttj^ically  very  similar  and  both  stain  by  Gram's  method 
but  the  B*  cadaveris  siMWtjcttcs  does  not  produce  the  typical 
changes  in  milk.  In  a  culture  two  or  three  days  old  the  inilk 
below  the  cruain  layer  commenc4t8  to  clear,  and  later  this  change 
procewln  rapidly,  so  that  at  the  end  of  u  week  throe  layers  are 
appiireut,  an  upper  of  unchttn«jed  cream,  a  middhi  yellowish  and 
watury,  and  a  lowei-  of  precipitated  casein.  Its  colonies  on  agar 
are  also  dilTerent,  sending  out  ramifying,  anastomosing  threads 
from  tln'ir  margins,  and  it  spores  freely  on  agar  in  two  to 
three  days. 

Black  Quautbk. 

5i^i,  Black  Leg,  (Quarter  Evil,  Syniptomutic  Antlirax,  Kauachbrand. 

Black  (^>imi-ter  is  a  disease  aflV<:ti]]g  sheep  and  oxen,  and  is 
unknown  in  man.  The  names  black  ijuarter,  black  leg,  and 
<]aurtor  uvil  are  derived  frtm  the  dark  diacoloralion  of  the 
muscles  of  the  lug  and  [tanks  or  tjuarters  of  the  anfctcd  animtds. 
"When  thu  musclod  are  cut  into,  a  .sanguiiiuuuH  diwc.har*^(*  exudes, 
and  in  thi;*  am  f«\md  slender  bacilli,  some  of  which  are  swollen 
or  club-Hhappd  from  the  presence  of  sijoros.  The  muscles  are 
dark,  .slightly  iropitant  owing  to  the  presunce  of  gas,  and  have  a 
rancid  odour. 


'  Cefttr./.  Bolt.  (1"  AU.).  xxv.  p.  27M. 
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Tho  orgrtmsm,  tho  B.  (Clostridium)  Chauvceif  is  a  slcndur  rod 
never  forioin^  Ions;  threads,  is  strictly  nnnorobic  anil  raotilBj  but 
loses  its  motility  in  the  presence  of  oxygen.  Some  of  the  rods 
are  cylindrical  throughout,  others  fonn  slender  apindks,  otbors 
are  oval  or  lemon-shaped.  It  stains  with  the  ordinary  anilin  dyes 
but  not  by  Gram's  methorl  (except  by  Claudius's  modification). 
Occasionally  in  the  tissues  it  soems  to  stain  by  Gram.  It  forms 
endogenous  spores,  the  ypure-beariu^'  rods  beiny  enlarjjed  or  club- 
shaped,  and  therefore  should  lje  termed  a  *clostridiun)/ 

It  can  be  grown  in  deep  stabs  in  gelatin  and  agur.  Gelatin 
is  rapidly  liquoGed.  In  glucosu-asar  it  fonna  a  thick,  irregular, 
greyish  growth,  with  nuieJi  development  of  foui-siuoUlni;  ^os. 
The  guinea-pig  is  su.sceplibk  if  inoculated  aubcutaneiiusly  or  into 
tho  inuscleij,  the  bacilli  being  found  at  the  seat  of  inoonbition,  ))ut 
not  in  tho  blood  or  internal  organs.  Artificial  immunity  can  bo 
induced  in  various  ways:  by  bacilli  attuuuated  by  biat  or  by 
successive  cultivations,  or  by  heating  tho  dried  muscle  to  H^^  to 
90"  C.  for  six  hours  (Kitfc),  also  by  inoculating  the  susceptible 
animal  at  the  tip  of  the  tail.  Ilanna,'  by  throwing  the  organism 
in  a  mixture  of  bloo<l  plasma  and  broth,  obtained  toxins  which, 
by  ciiruful  injection,  conferretl  immunity  on  rabbits,  the  anunals 
after  injection  yielding  an  antitoxic  sernm. 

Hamilton  ha«  described  specific  anaerobic  bacilli  in  braxy, 
louptng-ill,  and  other  diseases  of  sheep  and  deer.'"' 


Clostuidium  butvkicum. 

An     anaerobic    organism   occurring    in   milk   in    which   it 

pro<luces  a  marked  butyric  aoid  fermentation  with  changes  like 
those  of  the  /■.  Wdrht'i.  It  forms  short  rods,  and  also  long  ones 
a  to  10  ft  in  length,  and  filamtmts  are  met  with.  Sj>ore 
formation  takes  place  freely  in  (enlarged  segments.  It  forms  a 
whitiish  growth  on  agar,  and  gelatin  is  rapidly  li(|uelied,  a  scum 
forming  on  the  surface.     It  is  non-pathogenic  (p.  106). 

'  Juurn.  haih.  afid  Ifuct.  iv.,  1«1>7.  p.  :i83. 

'  Hrp.  LonptHtj-IU  and  Jitajtj  Covi.  Boiird  of  AgriouUurt  and  FiBiieriw, 
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CHAPTER   XIV, 
cnoLEHA— spmiLLrM    metch^^ikovi— ermiLLOi     of 

WxLh'M   ANTl    PRIOR — Sl*IRILLCM    rVRCKiENUM— Sl'intT.I,UM 
DRI.M, 

AaiATic  Cholbrap 

i  litieteriological  studj  of  Asiatic  choleni  may  i>e  said 
fnmi  tlie  resoarchtis  of  Koeli,  who  in  1884  wtiB  went 
Genwaii  Government,  to  invBBtigate  the  ditjease  in 
and  India,      He  desuriLfd  nn   urf^aiiiHin  present  in 
listing  und  in  tlicj  dujectit  "wliiL'li  he  Lelieved  to  he  the 
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It  is  more  or  less  iibiuidiml  m  llie  intestine  and  in  the 
alvine  discharges,  especially  in  the  rice-like  flukes,  but 
is  not  found  in  the  blood,  organw,  or  tiHSUCH.  In  the 
riue-like  (lakes  it  is  frequently  tio  numerous  that  in  a 
covt!r-ij;lasa  specimen  the  '  cmumas '  appear  in  muases 
crowded  together  and  lyinj^  parallel  to  one  another  (known  as 
the  *iish-in-stream'  arrangement).  It  stains  well  with  the 
ordinary  aniliii  dyes,  eHi)eeially  with  dilute  wirbol-fuchsin, 
but  is  decolorized  by  Gram's  method.  It  is  actively 
motile,  and  poBsesses  a  single  terminal  rtagellum  at  one 
end  only,  but  there  is  some  variation  in  this  respect. 
Spores  are  not  formed,  though  in  old  cultures  Iluoppe  has 
described  bodies  which  he  believes  to  be  arthrospores. 
In  such  cultures  the  bacilli  lose  their  regular  form,  and 
swollen  and  distorted  involution  forms  are  seen. 

Under  cultivation  m  bouillon  or  in  a  hanging-drop 
specimen  it  is  found  that  the  organism  develops  hito  a 
lungish  spiral  tilament,  and  the  commas  are  therefore 
regariled  as  resulting  from  the  breaking  up  of  a  spirillum ; 
Init  if  the  conditions  of  growtli  are  very  favourable  midti- 
plication  may  be  so  rapid  that  the  curvtjd  rudn  or  commas 
are  alone  produced,  the  organism  dividing  before  it  has  had 
time  to  grow  into  a  spiral.  Such  a  curved  rod  is  commonly 
known  as  a  "  vibrio.' 

Cultural  Characters  and  Biolutjtf, — The  Koch's  spiril- 
lum is  aerobic  and  facultatively  anaerobic,  and  grows  well 
on  the  ordinary  culture  media  from  :10''  to  87^  C. 

According  to  Frankland,  although  it  gi-ows  readily  in 
an  atmosjjhere  of  hydrogen,  it  does  not  develop  in  omi  of 
carbonic  acid  gas.  In  gelatin  plates  at  22''  (J.  small  cream- 
coloured  colonies  ap[)eju-  in  about  twenty-four  hours,  soon 
accompanied  by  liquefaction,  ho  that  in  two  or  three  days 
the  plate  buromes  [Jitted.  Microscopically,  the  young  colonies 
are  rounded  with  irregular  margins,  cream-colom-ed,  and 
coarsely  granular.     In  stab-cultures   development  occurs 
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all  tilong  the  stab  as  a  whitish,  upai^ue,  panctate  growth, 
thicker  above  thiin  Imluw.  Liquefaction  comtneneeB  nbout 
the  second  day  and  profijresses  slowly  ;  'u\  the  early  stage  it 
Ih  confinod  to  the  surface,  and  looks  like  a  little  bead  or  air 
bubble  (Plate  XVII.,  b),  but  in  a  fortnight  or  so  the  greitter 
part  of  the  gelatin  may  l)e  liquefied.  Liquefaction  varies 
greatly  both  in  rate  and  extent  in  dilTereut  cuUure8  and 
stocks ;  in  some  old  laboratory  cultures  it  may  be  almuet 
or  quit-e  abntiat.  On  surfacu  a<^ar  a  thick,  moist,  shining, 
greyish  growth  quickly  develops  with  more  or  less  crenated 
niart;inK,  often  becoming  browniHh  \\\wn  old.  On  blood 
serum  much  the  same  growth  occurs  with  slow  liquefaction. 
A  thin  brownish  layer  is  formed  on  potato  at  37°  C,  and 
hri>th  becomes  turbid*  and  a  film  forms  on  the  surface. 
Peptone  water,  or  Dunham's  modification  of  it  (1  per  cent. 
NaCl),  is  a  Rood  cultivating  medium  and  becomes  turbid, 
eKiHJtially  in  the  upjxir  layers.  In  milk  it  multiplies  rapidly 
without  cunlhng ;  noutnil  liLnnis  glucose-agar  ia  reddened 
from  the  development  of  acid,  but  no  gas  is  produced 
under  cultivation.  Acid*  but  not  gas,  is  produced  from 
glucohe,  maltose,  baccharose,  lactose,  ajid  starch. 

An  important  charactenstic  of  the  cholera  spirillum  is 
the  rapid  formation  of  in(h»b»  in  considerable  quantity,  and 
the  reduction  of  nitrates  to  nitrites,  especially  in  peptone 
water.  This  forms  the  basis  of  the  iinporfcant  cholera-red 
reaction;  a  few  drops  of  pure  sulphuric  or  hydrochloric 
acid  added  to  a  peptoutj-water  culture,  eight  to  twelve  hours 
old,  give  a  pink  colour,  and  the  colour  is  intense  wlien  the 
culture  is  two  to  three  days  old,  and  of  a  purplish-red 
colour,  like  that  of  pola.sHinni  permanganate.  Home  speci- 
niens  of  '  peptone '  are  unsuitable  for  the  i>eptone  water 
used  for  obtaining  the  reaction,  ai>parently  on  account  of 
the  nbseuce  of  nitrates  and  nitrites.  The  medium  should 
be  Hugar  free,  and  the  addition  of  0*01  per  cent.  i>otas8ium 
nitrate  to   it   is    an   advantage.     Some    believe   thai   two 
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pignieutfi  are  formed  in  the  reactiun,  a  cholera-red  and  the 
nitroao-iiidole  pigiuenfc.'  Tho  reducing  action  uf  the  i^huleni 
wpirillum  can  also  be  shown  by  growini;  in  litmuH  hroth, 
which  becomeH  decnloriKed  (Calien's  test). 

Kraus  and  rrantsehoff  ^  noticed  that  curtain  vibrios  dis- 
solved red-blood  corpuscles,  but  came  to  the  conclusion  that 
no  true  choleni  vibrio  is  haimolytic. 

The  cholera  spirillum  retaina  itn  vitality  in  culturea  for 
a  month.  It  can  multiply  in  water  and  on  the  surface  of 
laoiBt  linen,  but  rapidly  (li*!H  on  complet*i  desiccation.  Its 
thermal  death-jKjint,  according  to  Sternberg,  is  62"  C.  with 
an  exposure  of  four  minutes  ;  according  to  Kitasato,  55**  C. 
in  about  ten  minutes.  It  in  readily  destroyed  by  the 
ordinary  antiKf-ptics— hydrochloric  acid  1  in  laOO,  carbolic 
acid  1  in  400,  mercuric  chloride  1  in  10,000,  the  time  of 
exiK.isurH  buing  two  houra, 

la  some  experimeutH  byi^empster^  it  wua  found  that 
the  comma  bacillus  lived  for  three  to  Jjve  dayw  in  dry  soil, 
but  only  one  day  in  an  artificially  dried  soil,  whilo  in  moist 
soil  it  lived  for  twenty-eight  tct  Hixty-eight  days.  In  peat, 
however,  it  was  invariably  dead  within  twenty-four  hours. 
In  sterilised  salt  solution  (0-75  percent.)  the  comma  bacilli 
were  alive  on  tlie  ISi/th  day,  and  in  fresFt  urine  {sterilized) 
they  lived  fourteen  days  nt  ST  C.  ami  twenty-nine  days  at 
22"  C. 

In  Bterilized  distilled  water  the  cholera  bpirillum  usually 
rapidly  dies,  within  twenty-four  hours  as  a  rule.  The 
addition  of  sodium  chloride  greatly  increases  the  length  of 
time  it  may  remiiin  alive,  a  survival  of  five  or  six  weeks 
I  havuig  been  recorde<].  In  urdiimry  sterili/>ed  poUible  waters 
it  may   survive  many   months.       In    unstorilized  |)otable 

'  Whorry,  Burcwu  of  Govurnment  Lnboratorieh.  Manilii.  Uulh.  10  wnl  31. 
1004  liutl  1005. 

k*   Wieti.  liltn.  U'ivfc.  IStOO.  p.  209. 
■  Med,  Chirurg,  Tram,  Ixxvu..  18l>4.  p.  SHH. 
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waters  its  survival  is  greatly  intluent'ed  by  the  x>resence  o1 
salts  ;  ill  some  cases  it  dies  out  rapidly ;  in  others,  es^jecially 
in  tliose  containing  a  larj^e  proportion  of  salts,  it  may 
reiuiuii  alive  for  a  long  time.  In  aterilized  sewage  the 
uholura  Hpirillum  multiplies  und  survives  for  months,  in 
unsterilized  sewage  it  may  survive  for  two  to  four  weeks 
(Houston). 

The  relation  of  the  cholera  siurillum  to  the  disease  has 
l>een  a  very  vexed  question  in  the  past,  but  the  outcome  ol 
the  volmuinous  reBeart*hos  which  havu  been  made  is  to 
confirm  Koch's  work.  The  organism  is  found  in  all  cases 
of  uholura,  and  several  instances  of  laboratory  infection 
from  cultures  are  on  record. 

None  of  the  lower  animals  suffers  from  or  contracts  a 
disease  in  any  way  comparable  to  Asiatic  cholera,  so  that 
the  test  of  animal  exfxjrimentH  cannot  be  applied  except  in 
the  case  of  young  suckling'  rabbits  (see  below,  '  Auti-serum  *^). 
By  lirst  neutrali/ing  the  acidity  of  the  gastric  juice  by  an 
uijectiou  of  .sodium  carbonate  solution  into  the  stomach, 
then  diminishmg  [Peristalsis  by  ati  injection  of  tincture  of 
opium  into  the  peiitoneal  cavity,  and  linally  injecting  a 
broth  culture  of  the  cholera  spirillmu  into  the  stomach, 
Koch  succeeded  in  inducing  in  guinea-pigs  a  cunditiuu 
somewhat  similar  to  cholera  in  man — namely,  indisposition 
with  falling  temjjerature,  weakness  of  the  extremities,  and 
death  in  forty-eight  hours.  Post  mortem,  the  small 
intesime  was  congested  and  lilled  with  a  watery  lliiid  cou- 
taiiung  large  numbers  of  the  cholenL  Hpirillum.  Injected 
into  the  iitritoneal  cavity  of  mice,  guinea-pigs  and  rabbits, 
it  usually  produces  death  from  a  general  Hopticiemia. 

MetchnikoiT'    ascribes    the    immunity   of    animals    to 

intestinal  cliolura  as  Lirgely  <iue  to  liitt  inhibitory  action 

of  the  othor  (ngani.^mh  present  in  the  tligcstive  tract.      In 

man   digestive   disturbances  are  often  an  iniiK)rUmt  pre- 

>  Ann,  dc  VlfuL  PoMUttr,  vii.  pp.  40a.  5(32  ;  viii.  pp.  257,  ^'JV. 
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(lisposiriK  panso  of  au   attack.     Tlie  aoiflity  of  tho  Raatrin 
juice  is  alHij  [H'olmMv  a  means  of  (]<»fen('G  {nm  'Water'). 

That  the  cholera  aitirillum  iK  assnciated  with  thn  diftease 
RceniH  to  bo  Ixyond  any  ilonhl,  ant]  8o  conBtitnL  is  its 
presence  in  true  cholera  that  all  invefltigatorfi,  pven  those 
who  at  one  time  opposed  Koch*8  views,  rely  on  its  detec- 
tion for  the  hacteriological  (liap;no8is.  The  matter,  how- 
ever, haw  l)ecome  conij>licated  owing  to  the  detection  in 
varioiiB  natural  waters  of  pathogenic  spirilla  which,  although 
not  identifial  with  the  cholera  flpirilhim  of  Kocli,  resemble 
it  HO  closely  tliat  it  is  difliciilt  to  claHsify  ttieni  as  anything 
Init  varietieH  of  the  cholera  fipirillnm.  In  certain  epidemics 
in  India  variatiitns  have  also  l)een  noted  in  the  cliolera 
spirilla  that  Iiave  been  isolated.  Sanarolli'  laobited  from 
the  Seine  and  Marne  thirty-two  spirilla,  of  which  fom'were 
almoBt  indistiiiguiBhaldi^  from  cholera,  except  that  they 
were  only  slightly  pathopjenic,  bnl  l)y  passage  through  a 
neries  of  animals  thiiir  pathof^enic  power  was  much  en- 
hanced. Hanarelli  believed  that  these  were  the  descendants 
of  true  cholera  spirilla  that  liad  |2;ained  access  to  the  rivers 
during  some  jir^vious  epidemic  of  cholera.  At  the  same 
time  it  is  to  Iw  noted  that  vibrios  may  also  be  present  in 
the  normal  intestinal  tract  of  man  and  animals,  and  might 
therefore  gain  access  to  streams  (Sanarellii.  Dunbar 
similarly,  from  the  Ell>eand  Rhine,  Aic,  isolated  a  number 
of  spirilla  which  could  not  1>e  distinguished  from  the 
cludera  Hpifilluin  {Spirillum  Elirerfi).  It  whh  afterwards 
noticed  that  some  of  these  under  certain  conditions  of 
oxidation  and  temperature  became  phosphorescent/  but 
liumpel  "  has  also  found  that  cultures  of  the  genuine 
cholera  Bpirilhim  may  exhibit  phosphorescence,  so  this 
cannot  l>e  used  as  a  differential  character  for  the  separation 

'  Anv.  (le  VInst.  PtisUur,  vii.  p.  <<U3.  nml  ix.  p.  129. 

'  Cmir.f.  rtakt.  (1"  Abt.)  xviii..  1895.  p.  4*24  (Kutscher). 

•  MUiteh.  Mtd.  Wochmxchr.,  1896.  No.  3. 
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of  non-choleraic  forms.  Neisser  isolated  a  spirillum,  which 
he  termed  Vibrio  BeroHnensia,  which  agreed  with  the 
cholera  spirillum  in  every  particular  except  that  the 
colonies  in  a  gelatin  plate  were  invisible  to  the  naked  eye 
in  forty-eight  hours.  Heider  found  in  the  Danube  a 
spirillum,  named  by  him  the  Vibrio  DanubicuJi,  which 
resembled  the  cholera  spirillum  closely,  but  its  colonies 
were  somewhat  different,  and  it  was  more  actively  patho- 
genic to  mice.  Ivanoif  similarly  obtained  a  spirillum  which 
could  only  be  distinguished  from  cholera  by  the  finer 
granulation  of  its  colonies  and  more  distinct  spiral  form. 
Lastly,  there  is  the  Spirillmn  Masfiowah,  isolated  from  an 
epidemic  of  cholera  at  Massowah,  which  differs  from  the 
Koch  spirillum  in  having  two  terminal  flagella  at  each  end. 
Cunningham  has  also  described  several  spirilla  differing 
slightly  from  the  cholera  spirilhiui. 

Applying  the  Pfeiffer  and  agglutination  tests  to  the 
spirilla  in  question,  the  following  results  were  obtained. 
In  the  first  place,  each  of  the  organisms  gives  a  complete 
positive  reaction  to  both  tests  with  its  own  serum  ;  this,  of 
course,  is  only  to  be  expected.  Pfeiffer  found  that,  using 
his  reaction,  the  variety  Ivanoff  gave  a  positive  reaction 
with  cholera  serum,  and  Durham  found  that  Ivanoff 
and  Berolineiisifi  reacted  completely  with  cholera  serum. 
Conversely,  positive  reactions  with  cholera  spirilla  were 
obtained  with  Massowah^  Dannbicufif  and  Elwers  sera, 
while  Massoivah  and  Elwers  react  completely  to  each 
other.  From  these  considerations  it  would  therefore  seem 
probable  that  some  of  these  spirilla— *SanarcZ/i,  Beroli- 
nensis,  and  Ivanoff — may  be  varieties  of  the  Koch  spirillum. 
The  Massowah  spirillum  is  usually  considered  not  to  be  a 
true  cholera  vibrio. 

Buffer '  in  1905  at  El  Tor  isolated  vibrios,  which  may 

'  liesearcftes  on  Oie  BacUriological  Diagnosis  of  Cholera.  Sanitary, 
Maritime,  nnd  Quarantine  Council  of  Egypt,  Alexandria,  1007.  (Also  Brit, 
Med.  Joiirn.  1907,  i.  p.  735.) 
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Iw*  flistinguislied  as  *  El  Tor  vil)ri(js,'  from  i\w  inlestiiiG 
of  |)il^aiiiiK  reliiniiiii;  fntai  Meccii  and  surtmng  from 
variotis  difieftxert  ^dyHt^ntery,  diaiThtua,  pneumonia,  rluni- 
mitiiHin),  \mi  aini)n>4  vvlit^tn  thore  had  E>efni  no  tdtolera^  nor 
had  they  been  in  contact  with  cholera.  Tliene  vibrios  wore 
Buhjecfced  to  detailed  examination  by  the  a^'ghitinaLirtn, 
saturation  and  fixation  testfi^  and  Pfeiffer's  reaction  with 
Berlin  cholera  iramiine  serum,  and  also  by  tlie  birmolysiK 
test.  Vibrios  isolated  from  a  previous  epidenac  oC  cholera 
(referred  to  as  Group  1),  and  other  vibrios  isolated  fnun 
chok-ra  and  other  stoo!  (Groups  S  and  4),  were  also  com- 
pared with  the  El  Tor  vibrios.  lUdTer's  results  were  as 
follows  : 

(■rroup  1  (undnubted  cdiolera  vibrios). — Those  which 
react  positively  to  the  four  principal  tests  with  cholera 
serum — namely,  tlie  agglutination,  saturation,  and  fixation 
testn,  and  Pfeiffer's  reaction.  They  do  not  ha-molyse,  even 
when  remaining  in  contact  willt  rod  forpuscles  for  thnw 
days  at  the  temperature  of  the  laboratory. 

Group  2.  Tlu^  second  ^roup  contains  the  vibrios  agglu- 
tinated by  and  j^iviug  the  saturation  and  rfeiHfer's  reactions 
with  cholera  sGnim,  but  not  fixing  the  cholera-immune 
bcnly.  These  vibrios  are  stronj,dy  bicmolytic.  This  group 
consists  of  the  El  Tor  vibrios  only. 

Group  3.  The  third  group  is  formed  by  vibrios  which 
are  not  ap;j:^lutinated  by  immune  serum,  do  not  give  tlie 
saturation  or  PfcilTer's  reaction,  but  tix  tlie  cholera  innnnne 
body.  These  vibrios  also  ha-molyse,  but  feebly  and  late, 
often  after  thirty-six  to  forty-eight  hours  only. 

Group  4,-  Tlie  last  gi^oup  is  formed  by  strongly  hmrao- 
lytic  vibrios  not  reacting  at  all  to  cholera  immune  serum. 

RufTer  concludes  tliat  the  El  Tor  vibrios  are  not 
genuine  cholera  vibrios.  He  says :  '  The  only  ix)S8ible 
cbiBsification  is  to  group  together  all  the  vibrios  reacting 
in  the  same  way  to  all  tests,  separating  them  from  those 
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which,  under  the  same  conditions,  behave  in  a  different 
way.  If  this  method  he  applied  to  the  vibrios  found  at 
El  Tor,  there  is  no  difficulty  in  distinguishing  them  from 
the  true  cholera  vibrios,  in  spite  of  several  of  the  reactions 
of  both  being  similar.  And  it  follows  also  that  the  agglu- 
tination, saturation  and  Pfeiffer's  tests  are  not  in  themselves 
of  absolute  diagnostic  value  for  cholera  vibrios.' 

Neufeld  and  Haendel,^  however,  after  a  re-examination 
of  some  of  these  vibrios,  consider  that  they  are  true 
cholera  vibrios.     The  matter  therefore  remains  undecided. 

The  variability  of  the  Koch  spirillum  is  shown  by 
experiments  of  Klein  -  on  the  relation  of  oysters  to  disease. 
He  ascertained  that  the  cholera  vibrio  could  retain  its 
vitality  for  at  least  fourteen  days  in  unsterilized  sea-water, 
while  from  the  interior  of  oysters,  kept  in  water  infected 
with  the  vibrios,  it  was  ol)tained  up  to  nine  days  after 
infection.  Some  of  the  vibrios  obtained  from  the  water  and 
from  the  oysters  showed,  however,  marked  variation  from 
the  parent  stock — variations  in  the  i*ate  of  liquefaction, 
in  the  curdling  of  milk,  in  the  indole  reaction,  &c. ;  and 
five  more  or  less  definite  varieties  were  obtained,  two  of 
which  did  not  respond  to  Pfeiffer'a  test,  although  originally 
derived  from  a  genuine  cholera  vibrio  responding  to  all  the 
tests,  including  Pfeiffer's.  In  the  East  many  cases  of 
cholera  are  mixed  '  vibrionic '  infections  ;  tlie  stools  may 
contain  several  varieties  of  vibrios,  some  agglutinating 
yfiih  cholera  serum,  others  not ;  some  monociliate,  others 
multiciliate. 

Toxins,— -'Briegev  in  1887  obtained  cadaverin  and 
putrescin  and  two  other  basic  bodies  from  cholera  cultures. 
Brieger  and  Frankel  isolated  a  tox-albumin,  and  Gamaleia 
a  ferment-like  body.  Hueppe  believes  that  the  cholera 
poison  is  a  tox-albumin  found  in  the  cultui'e  medium,  but 

'  Arbeit,  a.  d.  Kais.  (icsuudhcifsamte,  xxvi.,  1907,  p.  536. 
-  Hrp.  Med.  Off.  hoc.  Gov.  Board  for  IH'Mi,  p.  VAry. 
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that  immunizing  substances  are  derived  from  the  bacterial 
cells. 

Rontaler  compared  the  chemical  products  of  the 
ordinary  and  of  the  Massowah  cholera  spirilla,  and  could 
find  little  difference  between  them. 

Wesbrook  *  investigated  the  toxins  produced  by  the 
Koch  spirillum  in  different  media.  From  alkali- albumin 
cultures  he  isolated  deutero-aibumose  and  traces  of  proto- 
albumose,  from  cultures  in  eggs  a  mixture  of  protein  bodies 
which  it  was  impossible  to  separate,  from  asparaginate  of 
sodium  (Uschinsky's  medium)  a  substance  which  gave  a 
feeble  xanthoproteic,  but  not  the  biuret  reaction,  and  from 
the  peritoneal  exudation  of  inoculated  guinea-pigs  a  sub- 
stance which,  although  it  gave  a  slight  xanthoproteic 
reaction,  did  not  appear  to  be  either  deutero-  or  proto- 
albumose.  This  observer  also  found  aerobic  cultures  of  the 
cholera  spirillum  to  be  much  more  toxic  than  anaerobic  ones. 

Pfeiffer  found  that  cholera  cultures  killed  with  chloro- 
form vapour  contained  a  toxic  substance  fatal  to  guinea-pigs 
in  small  doses,  with  extreme  collapse.  He  believed  the 
substance  to  be  an  integral  part  of  the  bacterial  cells. 

Metchnikoff  ^  and  his  co-workers  have  demonstrated  the 
existence  of  a  soluble  cholera-poison  in  a  very  ingenious 
manner.  Collodion  sacs  of  2  c.c.  to  3  c.c.  capacity  were 
sterilized,  filled  with  peptone  solution,  inoculated  with  the 
cholera  spirillum,  and  closed.  The  closed  sac  was  then 
introduced  into  the  peritoneal  cavity  of  a  guinea-pig,  which 
died  in  three  or  four  days  from  the  effects  of  the  soluble 
toxins  dialysing  through  the  walls  of  the  sac  (see  next  page). 

Macfadyen  obtained  a  highly  toxic  endotoxin  by  tri- 
turating cholera  cultures  with  liquid  air.^ 

*  Ann.  de  VInst.  Pasteur^  viii.,  1894,  p.  318  ;  Jotim,  of  Path.  andBact. 
iv.,  1896,  p.  1. 

»  Ann.  de  VInst.  Pasteur,  x.,  1896,  p.  257. 
"  Lancet,  1906,  ii.  p.  494. 
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Anti-Serum. — By  growing  the  cholera  spirillum  in  a 
shallow  layer  with  free  access  of  oxygen  in  a  peptone- 
gelatine-salt  medium,  Metchnikoff  and  his  co-workers  ob- 
tained a  toxic  fluid  after  three  or  four  days'  growth.  During 
incubation  the  fluid  becomes  concentrated  to  about  one- 
eighth  by  evaporation.  After  filtration,  0*25  c.c.  killed  a 
300-gram  guinea-pig  in  eighteen  hours.  Goats  having 
been  inoculated  with  increasing  doses  of  this  toxin,  com- 
mencing with  10  c.c.  and  reaching  200  c.c.  in  six  months, 
become  immunized  and  yield  an  antitoxic  serum,  1  c.c.  of 
which  will  neutralize  four  times  the  lethal  dose  of  toxin. 
Metchnikoff  had  previously  found  that  young  suckling 
rabbits  suffer  from  an  intestinal  cholera  when  fed  with 
cultures,  so  that  the  effect  of  the  cholera  antitoxin  in  pre- 
venting intestinal  cholera  could  be  tested  on  these  animals. 
Experiment  showed  that  of  the  treated  rabbits  51  per  cent, 
survived,  of  the  untreated  only  19  per  cent. 

Animals  may  be  inoculated  with  dead  and  living  cultures 
and  an  immune  serum  so  prepared,  but  no  practical  value 
has  yet  attended  the  use  of  anti-sera  in  the  treatment  of 
cholera.  Macfadyen  immunized  a  goat  with  cholera-cell 
juice  and  obtained  a  serum  of  which  -^  c.c.  protected  a 
guinea-pig  against  three  lethal  doses  of  cholera  culture. 

The  blood  serum  of  an  animal  immunized  by  injections 
of  the  cholera  spirillum  gives  a  typical  agglutination 
reaction  with  recent  cultures  of  the  organism.  The 
reaction  can  also  be  obtained  with  the  blood  serum  of 
cholera  patients,  sometimes  as  early  as  the  first  day  of  the 
disease,  but  it  is  probably  of  little  use  for  diagnostic  pur- 
poses, as  the  course  of  the  disease  is  generally  so  rapid. 

Vaccine. — Ferran  in  1885  first  prepared  a  vaccine  by 
making  cultures  (mixed)  in  brotli  from  cholera  stools  and 
injecting  0-3-0*5  c.c,  subcutaneously,  but  the  reports  of 
commissions  sent  to  investigate  the  method  were  un- 
favourable. 


CHOLEK\    VACCINES 


ITiiffliine  subsequently  prepared  a  vaccine  against 
cholera  from  cultures  of  the  Koch  spirillum,  which  seems 
to  be  elHcat'ious  in  preventing  the  diHeasii.  For  example,  a 
number  of  lulwurers  were  inoculated  during  an  epidemic, 
and  among  the  inoculated  the  mortality  was  only  2'25, 
whereas  among  the  uniuoculated  it  was  nearly  19  per  cent. 
In  another  instance,  among  654  uninoculated  there  were 
seventy-one  deaths,  a  mortality  of  10*86  per  cent,,  while 
among  402  inoculatetl  there  were  only  twelve  deaths,  a 
mortality  of  2*99  per  cent.,  and  a  reduction  iu  mortality  of 
72*47  per  centJ 

Besredka,^  hy  making  a  mixture  of  cholera  culture  and 
cholera-immune  serum,  allowing  this  to  stand  for  twelve 
hours,  heating  to  56*"  C.  for  one  hour  and  then  injecting 
subcutaneou&ly,  claims  tliat  an  immediate  and  lasting  (six 
months)  immunity  may  be  produced. 

Strong^  prepares  a  vaccine  from  autolysed  cultures, 
The  cholera  vibrio  is  grown  on  surface  agar  for  twenty-four 
hours  at  37^  C.  ;  the  growth  is  then  washed  off  with  sterile 
wat«r,  the  suspension  is  kept  at  00"*  C.  for  twenty-four 
liourn,  and  then  at  37°  C.  for  two  to  live  days,  and  is  tinally 
filtered  through  a  porcelain  filter. 


(laffkine  makes  use  of  two  vaccines,  which  are  prepared  as 

follows  :  ' 

The  first  vaccine  is  prepared  from  attenuated  cultures  of  the 
cholera  spirillum.  The  ordinary  laboratory  cultures  are  usually 
considerably  attenuated,  but  to  be  sure  that  they  are  sufficiently 
80  they  are  grown  for  several  generations  on  surface  agar  at 
88**  C.  in  tabes  through  whicb  a  current  of  moist  air  is  con- 
tinuously passc<l.     Such  a  culture  causes  only  a  local  redoma 


*  Rep.  on  Ifioc.  against  Chol^a  and  T^hoid  Fever  in  the  East  Indies, 
1900. 

»  Antt.  tie  riitnt.  PasUur,  1*.»02,  p.  918. 

■  Bureau  ol  Gov.  Laboratories,  Manila.  Bull.  No.  16.  IINM  (Bibliog.). 

*  Brit.  Med,  Joum.  189S.  i.  p.  307  (Wright  and  Bruoe). 
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instead  of  necroais  when  injected  into  the  subcutaneons  tissue  of 

a  guinea-pig. 

The  second,  or  strong  vaccine,  is  prepared  from  cholera 
cultures,  the  virulence  of  which  has  been  artificially  increased  hy 
growing  in  the  peritoneal  cavity  of  guinoa-pigs.  This  is  done  by 
first  of  all  preparing  '  standard '  cultures  from  any  ordinary 
culture  of  cholera.  Test-tubes  m&isuring  15  cm.  in  length  are 
employed;  of  the  15  cm.,  10  cm.  are  occupied  by  the  sloping 
surface  of  onliurtiy  nutrient  agar.  The  whole  surface  of  the 
nutrient  medium  is  inoculated  and  the  inoculated  tul>Gs  are 
incubated  at  35°  C.  for  twenty-four  hours.  The  whole  growth 
from  the  surface  of  the  agar  is  then  scraped  off  with  a  sterilized 
platinum  needle  of  stout  wire  and  made  into  an  emulsion  with 
aWut  3  c.c.  of  sterile  broth.  A  guinea-pig  (800-400  grm.)  is 
etherized,  a  small  patch  of  hair  on  the  abdomen  cut  short,  and  a 
spot  cauterized  with  a  hot  iron  to  sterilize  it.  The  emulsion  of 
cholera  bacilli  is  then  drawn  up  into  a  sterile  syringe  or  glass 
pipette  and  injected  into  the  abdominal  cavity  through  the 
cauterized  area.  Two  guinea-pigs  should  be  injected  at  the 
same  time,  using  for  each  one  a  standard  cholera  culture.  The 
guinea-pigs  so  treated  will  di©  within  tweuty-four  hours. 

The  peritoneal  cavity  of  the  dead  animal  is  opened  avSeptically, 
and  with  a  sterile  glass  pipette  the  peritoneal  lluid  is  sucked  up 
from  the  iliac  fosaie ■  The  whole  of  the  peritoneal  fluid  from  one 
guinea-pig  ia  introduced  into  a  sterile  tost-tube  which  ia  well 
plugged  with  cotton-wool  and  placed  in  the  oblique  position  (for 
aeration)  in  the  incubator  at  35'  C.  for  about  ten  hours.  This  is 
to  allow  of  the  proliferation  of  the  cholera  bacilli.  After  this 
treatment  the  fluid  is  injected  into  a  second  guinea-pig,  the  size 
of  which,  however,  has  to  be  taken  into  account.  If  the  peritoneal 
fluid  in  the  first  guinea-pig  be  abundant,  it  will  contain  com- 
paratively few  cholera  bacilli,  and  a  smaller  animal  should  be 
chosen,  but  il  it  be  scanty  the  comma  bacilli  will  be  numerous, 
and  a  larger  animal  may  be  used.  After  twenty  to  thirty  passages 
through  guinea-pigs  the  virus  will  have  attained  its  maximum 
virulence,  which  is  known  by  the  fact  that  farther  passages  do 
not  shorten  the  period  which  elapses  between  inoculation  an4 
death. 
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The  'exalted  '  cholera  cuHurea  (Jo  not  refcain  their  maximum 
virolenee  for  longer  than  ten  days,  and  have  aprain  to  be  passed 
through  guinea-pigs  (three  or  four). 

In  order  to  prepare  the  vaccines  a  'standard'  agar  tube  is 
inoculated  over  its  whole  surface  and  incubated  at  35°  C.  for 
twenty-four  hours.  Three  or  four  cubic  centimetres  of  sterile 
broth  are  introduced  into  the  tube  and  an  emulsion  is  made  with 
the  whiilo  Df  the  growth.  The  emulsion  is  measured  by  drawing 
it  up  into  a  sterile  syrtngo,  tho  contents  of  which  aru  then  intro- 
duced into  another  sterile  ^*laas  and  madu  up  to  a  vulumo  of 
8  CO.  by  the  addition  of  more  sterile  broth.  One  cubic  centimetre 
of  this  emulsion  constitutes  the  dose  for  vaccination.  Carbolized 
vaccines  may  he  prepared  by  using  a  ^  per  cent,  solution  of 
carbolic  acid  (sterili/.ed  by  boiling)  for  making  the  emulsions  and 
diluting  them  to  C  c.c,  and  not8c.c.,as  in  the  uncarbolized.  The 
carlx)lized  vaccines  may  be  preserved  for  some  time  in  sealed  tubes. 

The  dose  of  vaccine  (1  c.c.)  is  injected  hypotlermically  into 
the  flank,  the  second  or  strong  vaccine  being  injected  three  to 
five  daya  after  the  first  or  weak  one. 


CtiiNiCAL  Diagnosis. 

Some  of  the  rice-like  fiakes  should  be  picked  out  of  the  stool 
and  well  rinsed  in  sterile  salt  solution. 

1.  From  one  of  the  whitish,  slimy,  rice-like  flakes  in  the 
evacuations  or  tho  intestine  cover-glass  specimens  are  prepared, 
stained  in  LiVffler'a  blue,  washed,  dried,  and  mounte<l.  If  on 
examination  large  numbers  of  curved  rods  lying  in  groups 
paraliol  to  one  another  are  observed,  the  diagnosis  of  Asiatic 
cholera  may  be  made  with  some  degree  of  certainty,  Koch 
states  that  this  is  so  in  quite  half  the  cases,  especially  the  acute 
ones.  (Single,  or  a  few,  vibrios  are  of  no  diagnostic  significance ; 
they  may  occur  in  noruial  and  diarrha-a  stools.) 

2.  A  set  of  gelatin  plates  and  a  set  of  agar  plates  should  be 
prepared  from  an  emulsion  of  rice-like  Hakes.  In  the  case  of  the 
agar  plates  they  should  be  prepared  by  pouring  tho  melted  agar 
into  tho  Petri  dishes,  allowing  it  to  set,  and  then  smearing  the 
flake  over  the  surface.  The  plates  are  incubate<l  at  22^  C.  and 
87°  C.  respectively.     In   the  gelatin  plates   the  characteristi 
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colonies  of  the  cholera  vibrios  should  be  reco^izable  in  about 
twenfcy-four  hours,  in  the  agar  plates  in  from  twelve  to  nixt^en 
hours.  The  likely  colonies  should  be  examined  microscopicHliy 
and  peptone-water  and  other  cultures  prepared  from  them. 

3.  With  other  rice-like  flakes  several  peptone-water  cultures 
should  be  prepared  and  incubated  at  37°  C.  This  is  best  done 
in  small  Erlenmeyer  dasks  containing  a  shallow  layer  (1-2  cm. 
deep)  of  Dunham's  peptone  water,  without  wool  plugs,  but  capped 
with  a  piece  of  sterile  filter-paper.  In  eight  to  ten  Lours  the 
upper  layers  of  the  fluid  should  be  examined  microscopically  for 
the  presence  of  commas,  and  gelatin  and  agar  plates  and  Rub- 
ouUurcs  in  peptono  water  also  made  by  inoculating  from  the 
surface  layer  of  fluid.  The  peptone-water  culture  may  then  be 
tested  for  the  presence  of  indole  by  carefully  adding  a  few  drops 
of  pui-e  concentrated  sulphuric  acid.  Tn  cases  of  Asiatic  cholera 
the  indole  reaction  can  be  obtained  as  early  as  eight  hours  after 
inoculation. 

4.  To  vibrios  that  have  been  isolated,  the  agglutination. 
saturation,  and  fixation  tests  and  I'feitl'er's  reaction  should  be 
applied,  a  high-gi-ado  authentic  cbolera-iuimune  serum  being 
used.     The  hii'mulysis  test  should  also  be  applied  (p.  I65J. 

5.  If  the  case  has  lasted  any  time  the  agglutination  roaotion 
may  be  applied^  testing  the  patient's  serum  on  a  known  strain 
of  cholera  vibrio,  but  this  is  of  doubtful  value. 

SlTRILM'M    MeTCIINIKOVI. 

Isolated  by  Ganmleia  '  from  the  intestinal  contents  of 
chickens  dead  of  an  infectious  gastro-Gntoritis  which 
occurred  in  certain  parts  of  Husaia,  The  disease,  although 
reHembling  chicken  cholera  in  some  respects,  is  quite  dis- 
tinct from  the  latter.  This  spirillum  forms  curved  i-ods 
and  spiral  filaments,  generally  slightly  shorter,  thicker,  and 
more  curved  than  the  Koch  H}Mrillum,  It  is  decolorized 
by  Gram's  method,  and  is  beat  stained  with  weak  ciirbol- 
fnchsin.  It  is  readDy  cultivated  and  is  airobic  and 
facultatively  anaerobic.     In  gelatin  plates  it  forms  small 

'  Ann.  d^  VInst.  PasUur,  ii..  18fcl8,  p.  4Jj2. 
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whitish  colonies,  visible  within  twenty  hours,  which  gi-ow 
more  rapidly  tlian  the  cholera  vibrio,  and  in  Iwti  or  three 
days  produce  marked  areas  of  liquefaction.  In  a  stab- 
culture  in  g4?latin  a  whifciwh  granular  growth  occurH  along 
the  line  of  puncture  with  lii|uefacticm,  much  like  that  of 
the  Koch  spirillum,  but  the  rate  of  growth  and  the  lique- 
faction are  more  rapid  (Plate  XVII.,  c).  Grown  in  eggs  by 
Hueppe*a  method  tjrpical  appearances  are  produced.  After 
ten  days  the  white  becomes  transformed  into  a  yellowish 
limpid  liquid,  while  the  yellow,  though  retaining  its  form 
and  consistenee,  ih  quite  black-  On  warface  agar  a  thick 
cream-coloured  layer  develops,  on  potato  the  growth  iB 
brcnvniah,  and  milk  is  coagulated.  It  growa  freely  in 
broth  and  peptone  water,  the  iluid  becoming  uniformly 
turbid,  and  a  slight  tilm  forming  on  the  surface,  and  these 
cultureB  give  a  marked  indole  reaction  on  the  addition  of 
sulphuric  acid  alone,  in  this  respect  resembling  the  Koch 
a|)irilluui.  The  S.  Mctchnikovi  in  pathogenic  to  chickens, 
pigeons,  and  guinea-pigs,  but  not  to  rabbits  or  mice  e^ccept 
in  large  doses.  It  is,  however,  more  pathogenic  to  guinea- 
pigs  than  the  cholera  vibrio,  pigeonH  are  killed  by  intra- 
muscular inoculation,  and  fowls  are  susceptible  to  feeding, 
whereas  the  cholera  vibrio  is  not  fatal  to  pigeons  and  fowls 
under  these  conditions.  It  is  not  agglutinated  with  cholera- 
iraraune  serum.  Abbott^  isolated  a  pathogenic  spirillum 
from  the  Schuylkill  River,  Philadelphia,  which  resembles  the 
6',  Metchnikovi  closely,  and  is  probably  identical  with  it. 


SpmrLLtlM    FiNKLERI    (OF    FiNKI.BR   AND    PrIOH). 

Isolated  from  the  stools  in  certain  cases  of  cholera 
nostras,  but  its  {etiological  signiticance  is  doubtful.  It 
occurs  as  short,  thickish,  curved  or  straight  rods,  and 
sometimes  as  spiral  filaments.  It  is  ai'robic  and  facultatively 
anaerobic,  does  not  form  spores,  and  does  not  stain  by 
*  JourH.  of  Exper.  Ued.i,,  1806.  p.  419. 
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Gram's    method.     In  a  gelatin   stab-culture    a    yellowish 
growth  forms  wiLli  rapid  liquefiictiou  (Plate  XVII,,  </)-    On 
agar  a  thick,  slightly  brownish,  moist  layer  develops.    Serum 
is  rapidly  lit{uefied.     On  potato  a  slimy  brownish   growth 
occurs  even  at  room  temperature.     It  grows  in  broth  and 
peptone  water»  producing  a  general  turbidity.      It  does  not 
aa   a  rule  ^ive  the  indole    reaction   with   sulphuric    acid 
alone,  Imt  the  ordinary  laboratory  cultures  after  three  to 
four  days'  j^n-owth  occasionaUy  give  a  slight  reaction.     It 
is  stated  to  be  pathogenic  to  guinea-pigs  by  intraperitoneal 
inoculation. 

SlMUILLOM    TVIIOOENUM. 

Obtained  by  Deueke  from  old  cheese,  and  frequently  spoken 
of  as  Dencko's  apirilluni.  It  fornia  curved  rods  and  spiral  fila- 
ments somewhat  closply  resembling  the  Knch  spirillum.  It  grows 
well  on  the  ordinary  culture  media  at  room  temperature,  bat 
development  is  usually  slight  or  absent  at  B7°  C.  In  a  gelatin 
fltab-culture  a  yellowinb  jjrowth  occurs  with  liquefaction,  which  ia 
much  more  rapid  than  that  of  the  Koch  spirillum,  but  less  so 
than  that  of  the  FinklGr-Priur  spirillum.  On  agar  a  thinniab, 
brownish,  somewhat  membranous  and  coherent  layer  slowly 
develoi)a  at  room  temperature.  On  [wtato  a  yellowish  growth 
occurs.  It  is  stated  to  bo  slightly  [pathogenic  to  guinea-pigs  by 
intraperitoneal  inoculation. 

SxnKILLUM   RITHRUM, 

A  chromogGnJc  spirillum  obtained  by  Koch  from  the  putrefying 
tissueaof  amouse.  In  a  gelatin  stab-calture  a  dark  red  growth  slowly 
develops  along  the  line  of  puncture  without  liquefaction ;  at  the 
surface,  however,  the  growth  is  colourless.  In  broth  at  87°  C.  it 
gxowB  freely,  producing  a  general  turlndity  with  a  red  deposit  at 
the  bottftm  r>f  the  tulio;  there  is  nt>  fihn  formatiou.  In  such  a 
broth  cuUuro  largo  numbora  of  typical  spirillar  filaments  can  be 
seeu,  which  are  thin  and  delicate,  of  varying  length,  and  actively 
motile.     It  is  non-patliogenic. 

Vibrios  are  common  in  the  mouth,  and  may  be  met  with  in 
the  discharge  of  septic  ulcers. 
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STBErrOTHRTX  INFECTIONS  —  ACTlNOMTCOSlfi  —  MYCETOMA  — 
LEPTOTHRIX  BUCCALI8  —  CLADOTHRIX  DICflOTOMA — MYCOSIS 
TONSILLARIS. 

STRBfTOTHRIX    INFECTIONS. 

The  Streplotricheee  area  group  of  thread-forming  organ- 
iflms  showing  true,  but  not  dichotomous,  branching.  Their 
exact  position  in  the  botanical  scale  is  uncertain  ;  by  some 
they  are  considered  to  belong  to  the  higher  Schizomycetes, 
forming  a  connecting  link  between  these  and  the  Hypho- 
mycetes,  but  the  general  view  is  rather  to  place  them  among 
the  latter. 

The  Streptott'iche*  form  a  filamentous  network,  or 
mycelinra,  the  individual  threads  of  which  show  branching, 
while  their  terminal  portions  undergo  segmentation,  with 
the  formation  of  rounded  bodies  regarded  as  spores.  The 
mycelial  network,  unless  old»  stains  by  Gram's  method, 
and  occasionally  pOHsesaes  '  acid-fast  *  properties.' 

Pathogenic  streptothrix  forme  are  not  uncommon,  the 
best  known  being  those  causing  actinomycosis  and  the 
white  variety  of  mycetoma.  Others  affect  the  lower  animals,' 
and  a  few  affect  man.-"*  Doubtless  cases  of  streptothrix 
infection  in  man  may  occasionally  be  missedj  as  the  clinical 
characters  are  those  of  tuberculosis.     (For  a  monograph  on 

*  See  Birt  and  LeiBhinan,  Joitm.  offfyg.  n.  Pt.  ii.  1903. 

*  Bee  Dean,  Traiut.  Path.  Soc.  Ltnul.  li.  Pt.  i.  p.  26   (Bihliog.),  and 
Foalerion,  Journ.  Comji.  Path,  and  Bact.  ziv.,  1901.  Pt.  i.  p.  45. 

'  Flexner,  Journ.  Exp.  Med,  iii..  1898,  Noa.  4  and  5. 
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eptoirichew  aee  Foulerton  and  Price-Jonea,   Tram. 
Soc,  LamL  liii.  Ft.  i,  1902,  p.  56.) 

Actinomycosis,' 

maji,  actinomycosis  in  its  clinical  history  and  patho- 
lesions  closely  resembleB  tuberuulosis,  and  doubtless 
f  it  have  been,  and  are,  frequently  confuunded  with 
sease. 

cattle,  nctinomyrosiB  hae  long  been  knos\Ti,  but  ita 
^atholoffy  was  involved  in  considerable  doubt  until 
searcheti  of  BoUingf^r   in   1876,     It  forma  tumours 
affecting   the   tongue,  jaw,   face,   and  throat,   and 
^scribed  under  hucU  varied  names  as  wen,  scrofula, 
1^,  osteo'sart'tiTiia,  canctr,  woudeii  tongue,  tte. 
'  tumours  aflLT  a  time  break  down  and  discharge. 
iit^ue   ofltMi   pnitnideR   from    the  mouth,   the   saliva 
iind  the  ziiiimiLl  lieoomes  much  emaciated* 
j'liJtiTi'^  111  to  i\.  *  \vo<"iidf*T"i  loiD^^iie.    i\v  wj-'in  -  ?i  f^rfxtiiiFi*^  s^n^ 
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«■  digbl  presmtrc  fluU^n 
grmnulim  nn^ 

ft  more  or  lem  Btrnotnro|o«n 
imdi&UjftrrauKiMl  iirouiitl  llii' 
XniL,«),  TbeM  peeuliar  Htrudiun**  nin 
ftikd  ftre  the  form  a»)N(iiiio<1  In  (Iik 
fca#f  Ipy  SB  eqpaiHB  belonging  to  ihti  nirii)iiolliiU 
Ibe  ^cfiwomfcei,  or  Strepiothrir  hnv^9^  iifi 
tiie  iftj  fongus. 
of  Ae  dieeftfied  tiasuea  8how  lh«  nIi'iuMmim  ■»! 
still  better.  Gram's  motlnMl  iimmlly  ^Ivhm 
and  it  will  generally  1k«  fontitl  llittt  ihi^  ftillnH 
ceo  be  oheerrekd :  Biirriuiniloil  hy  tlin  ritutnl 
eellfl  are  the  renifonn  or  ovoi<i  ImhIum,  Hituiil<«>l  iii  ilio  \mf\» 
pbeiyof  vfaich  are  radially  arranund.  rliih-Mlmiiml  oiliiM'hiron 
deeply  niainpd  with  the  gentiun  violMt,  >vliiln  IIm*  imiiImiI 
portbon  is  unstained  and  structut i>l<mii,  or  oouUIiin  ^laitiiltu* 
matter  or  calcareous  particloH.  VhiIoiin  ii|i|tf'itiiiiirMM  tiiiiy 
be  met  with  in  different  ptirtn  of  tlh*  HiM-iinii,  uci-utiliiiK  >kM 
the  actinomycotic  noduloH  are  cut  tliroiii(h  lliiflr  i<milre  or 
periphery;  when  the  latter  in  tlio  vnm\  lli(«  cIiiImi  (i»-t>  Nhown 
in  transverse  section  and  ii|)|i<uir  nn  vUtmAy  |Hii'lifM!,  flfi'ply 
stained  dots.  SometimoH,  howifV«i',  in  (iildiiioii  <«)  Hid  rlidiN 
the  centre  of  the  roseitn  Ih  (h*i'ii|him|  hy  tiiittifMiiitM  ItilMhlittiitip 
Elainents,  also  Bt^iinud  by  i\w  ^(UltMltl  vlntMf, 

In  man,  actinomyt'OsiH  in  ofUm  aumMtlnlnd  with  mii|i|hiiu 
tion.  II  a  Httlo  of  tin*  |mih  Iim  nKtiiiiiitfMJ  it  \^lll  [mmImlIiIv 
contain  tiny  ytsUowinlt  or  »ul|»hur  y^Waw  Hitiiiuhm,  whitdi, 
microBcopicftlly^aro  found  to  hiiv^  Uip  nauit*  wltnu'lHi*'  u«  Um« 
granules  met  with  in  tliM  iliMmiHi.  in  I'litlln  itiid  r|o«rrilMul 
above— namely,  rom»tt(i-lil(ii  tiiftn  nf  vU\\m,  Iml  in  aibUliim, 
occupying  the  centrti  of  Urn  tuftn,  In  a  muNn  nf  tinn  tiui^loil 
filaments,  tho  imdH  of  wliiidi  tirn  fnM|(n»n11y  hhiui  tn  Ixi  roii- 
tinuouB  with    the   clubn.     In   toasedup  HpecimoiiH.  tn   in 
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sections   Btained    by   Gram's    method,   an    ap{)eanince    in 
observed  very  Jiflferent  from  that  of  the  bovine  variety,  viz. 
tufts  of  interlacing  lilaments  stained  by  the  gentian  violet, 
but  a  complete  absence  of  purple  clubs  (Plate  XIX.,  a).    The 
clubrt,   however,  are  not  really  absent ;  iliey  are   present 
abundantly  all  round  the  pm*iphf*ry  of  the  filamentous  tufts, 
in  a  stunted  condition  it  is  true,  and  they  do  not  usually 
Btain  by  Gnim's  method.     These  clubs  are  very  well  seen 
in  fresh  specimens  of  t)ie  pus  or  in  unstained  sections,  or  by 
staining  with  orauge-rubin,  or  the  Ehrlich- 
Biondi  reagent  (Plate  XIX.,  ^).     The  con- 
ditions in  cattle  and  man,  at  first  sight  so 
very  diti'ereut,  are  thus  seen  to  be  Kimilar* 
and  their  identity  is  further  established 
by  the  nccaHional  occurrence  in  cattle  of 
filamentous    tufts,    staining    by    Grain's 
method,  within  the  rosettes,  and  by  the 
clubs   in   man   nuw   and   tlien    taking   on 
the  gentiun-viulet  stain. 

CuHural  Characters.  —  The  cultiva- 
tion of  the  Actinomyces  can  be  performed 
l)y  collecting  the  pus  from  a  case  of  the 
disease  in  sterilized  tubes,  and  subse- 
quently turning  it  out  into  a  sterilized 
capsule  and  picking  out  the  actinomycotic 
granulen  with  sterilized  needles,  planting 
these  on  the  surface  of  glycerin  agnr,  and 
incubating  at  ^T  V.  A  certain  luimber  of 
the  tubes  will  probably  be  uncontaminated, 
but  in  others  a  growth  of  the  Micrococcus 
pyogenes  var.  aun^^uti  or  other  pyogenic 
organism,  which  is  not  unfroquently  associated  with  the 
Actino7)iifC€s,  may  occur.  In  the  uncontaminated  tubes 
a  growth  begins  to  appear  in  a  few  days  in  the  form  of 
little  colonies  of  a  tough  membranous  consiKtence,  some- 


Fio.  49. -AcTiNo- 
1I-VCE8.  Potato 
Clltcke,   Tiibek 

MoNTDH   Ot.D. 
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what  wrinlvled,  greyish,  and  shining,  while  the  agar  beneath 
them  beeomes  stained  bro\\Tiish.  The  growth  iucreaaee 
and  the  colonies  coalesce,  forming  a  brownish,  wrinkled, 
membranous  expanBioii,  sticking  firmly  to  the  a^ar  and 
difficult  to  remove  or  break  up,  while  the  agar  becomes 
Hiained  brown  throughout;  later  on  the  membranous  growth 
may  l>ecom6  dappleii  with  yellow  as  though  powdered  with 
flowers  of  sulphur,  but  orriisionally  remains  whitish.  In 
gelatin,  little  spherical  feathery  tufts  develop  and  sink  to  the 


Fia.    fiO.— XcTtKOMYCES.       COTKR-OLASB   PnEPARATION. 
OftAM.       X     750. 


bottom  as  liquefaction  progresses.  On  potato  a  remarkable 
growth  develops;  at  first  brownish,  it  afterwards  becomes 
almost  black  and  is  very  thick  or  heaped  up  with  a  much 
wrinkled  surface,  while  later  on  it  has  the  appearance  of 
being  sprinkled  with  flowers  of  sulphur  (fig.  49).  In  broth 
delicate  feathery  flocculi  form.  Cover-glass  specimens 
from  young  agar  cultures  show  massea  of  tangled  iibiments, 
which  appear  to  be  more  or  less  branched,  and  stain  well 
with  the  ordinary  anilin  dyes  and  by  Gram's  method ; 
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with    the    latter    the    filaments   often    appear    somewhat 
beaded,   but  no   trace  of    rosette    formation   or   even    of 
gIuLh  18  ever  found  in  traltures  (fig.  50).     In   pus,  espe- 
cially human,    the   filaments   can    sometimes   be    seen    if 
attiinod  by  Gram's  method  with  oran^e-rubiu.     Inoculated 
into   the   peritoneal    cavity   of    rabbits    and    guinea-pigs 
the  cultivate<l  organism  reproduces  the  disease,  numeroas 
actinomycotic   nodules    formini^i    lu    the    peritoneum    and 
elsewhere.     There  is  much  doubt  as  to  the  mode  of  spread 
of,  and  the  infection  of  man  with,  the  disease.     It  does 
not  seem  to  be  particularly  contagious,  and  diseased  and 
healthy  aninuils   are   often    placed    together  without    had 
result ;   it  can,   however,  be  conveyed  by   direct   inocula- 
tion, for  calves  inoculated  intraperitoneally  with  portions 
of  diseased  tissues  die  after  some  weeks  or  months,  with 
an   abundant   development   of   actinomycotic   nodules,  as 
shown  by  tbe  esperimwntK  of  -Tone  imd  Pontick.     Crook- 
shank  has  also  infected  a  calf  with  the  material  from  a 
human  case.     Feeding  experiments  give  negative  results. 
The  view  generally  held  is  that  the  organism  occurs  on 
cereals,  straw,  or  roots,  und  gains  access  to  the  system 
through  slight  Bcraf<rheB  or  wounds  in  the  mucous  mem- 
brane of  the  mouth,  pharynx,  or  hirynx.     In  man  no  source 
of  infection  has  been  traced,  though  one  or  two  cases  are 
reported  where  the  disease  has  occurred  after  eating  grains 
of  barley.     The  disease  is  met  with  i*ot  only  in  cattle,  but 
also  in  horses  and  swine.     In  the  last-named  animals  con- 
siderable calcification  may  be  present  in  the  nodules,  and 
it  may  be  necessary  to  decalcify  with  dilute  nitine  or  hydro- 
chloric acid  before  the  rosettes  can  l>e  stained. 

It  is  important  to  note  that  tuberculin  may  cause  a 
reaction  in  actinomycosis,  similar  to  that  which  occurs  in 
tuberculosis,  and  as  the  actinomycotic  lesions  are  very  like 
those  which  are  found  in  the  hitter  disease,  mistakes  may 
easily  be  ma<le,  and  can  only  be  avoided  by  a  microscopical 
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examination.  It  is  of  considerable  practical  importance  to 
ditttinguish  actinomycosis  from  tuberculoHin,  for  in  many 
cases  of  the  former,  both  in  man  and  in  animals,  iodide 
of  potassium  eserts  a  specific  curative  action. 

*  Farcin  des  bttiifs/  a  disease  of  cattle  occurring  in  Guadeloupe 
and  cbaracteriKed  by  infoctian  first  of  tho  akin  and  afterwards 
of  the  lymphatic  glands  and  viscera,  is  due  to  a  strepfcothrix 
(S.  Nocardii ').  Ciaaperini  -  recognizes  three  forms  of  actinomyces, 
Actinomyces  bovis  or  suiphure'USt  Actinomyces  albus,  and  Acti- 
nomyces  luteo-roseus.  Homer  Wright,^  however,  considers  that 
but  one  species  of  micro-organism  is  the  a^tiological  agent,  both 
in  man  and  animals,  the  .4.  bovis. 

From  a  case  of  brain  abscess  Eppinger  isolated  a  Btreptothrix. 

Clinical  Examination. 

1,  Pour  out  the  pus  ur  discharge  into  a  large  captiule  or  Potri 
dish  so  that  it  forms  a  thin  layer,  look  for  any  yellowish  or  other 
gramikH,  pick  them  out  with  a  needle,  and  placo  on  a  clean  slide 
in  a  drop  of  50  per  cent,  glycerin.  If  no  granules  can  he  found, 
a  little  of  the  discharf^e  may  ]«  spread  on  a  slide  with  a  drop 
of  50  per  cent,  glycerin.  Cover  with  a  cover-glass  and  apply 
a  httle  pressure.  Examine  with  a  |[-inch  objective.  If  any 
actinomycotic  tufts  are  present  they  will  be  seen  as  yellowish  or 
pale  brownish,  spheroidal,  ovoid,  or  reniform  masses,  and  with  a 
^-inch  objective  will  be  found  to  have  a  radiating  structure  from 
the  presence  of  the  clubs. 

2.  Stain  cover-glass  specimens  of  the  discharge,  by  Gram's 
method,  with  eosiu.  The  actinomycotic  tufts  will  generally  be 
found  to  consist  of  lilile  masses  of  tangled  filaments  stained 
violet  and  surrounded  by  a  pink  /one  which  has  an  indistinct 
radiating  structure. 

N.B. — In  most  instances  the  clubs  in  Actinofnycosts  kmninu 
do  not  stain  by  Gram's  method.  The  reverse  is  the  case  in 
Actinomycosis  bovis, 

>  Ann,  de  VInst.  Pasteur,  ii.,  1U68,  p.  29». 
»  Atii  Soc.  Tcsc.  Set.  Nat,  x.,  1896.  p.  144. 

"  Publicaiicm*  of  thif   M<u*achiiselts    Genefal  Htnipital.  i..  IMKS  (alKO 
Juum.  Mfd.  Research,  1906). 
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H.  Kectiona  of  actinomycotic  tiflsue  are  l>G8t  prepared  by  the 
paraffin  method.  If  frozen,  the  actinomycotic  nodnlee  are  very 
apt  to  fall  out.  Sections  may  be  stained  in  any  of  the  following 
ways; 

(o)  By  Gram's  method,  with  eosin  or  orange-rubin. 

(b)  With  the  Ehrllch-Diondi  triple  stain.  Stain  for  from  half 
an  hour  io  two  honr«.  Place  in  methylated  spirit  until  the  sections 
appear  n^reoniKh,  iliun  pass  through  absolute  alcohol  and  xylol. 
The  clubs  aru  stained  yellowish-brown,  and  are  well  shown  in 
human  cases  when  unstained  by  Gram's  method. 

(c)  By  Plant's  method.  Stain  in  warm  carbol-fuchsin  for 
ten  minutes,  rinse  well  in  water,  stain  in  a  saturated  solution  of 
picric  acid  in  niethyhvtefl  spirit  for  five  to  ten  minutes,  rinse  well 
in  water,  place  in  50  per  cf^nt.  alohol  for  ten  minutes,  pass 
through  absohite  alcohol  and  xylol. 

(d)  Good  preparations  may  be  obtained  by  staining  in 
Ehrlich's  hiematox^din  and  counter-staining  with  orange-rubiu. 
This  may  also  show  the  clubs  when  they  are  unstained  by  Gram's 
method. 

Madura  Disease  ob  Mycetoma. 

Madura  disease,  otherwise  known  as  madura  foot,  mycetoma, 
or  the  *  fungus  disease  of  India,'  ie  a  chronic  local  affection  gene- 
rally altficking  tite  foot,  occasionally  the  hand,  sometimes  extend- 
ing up  the  le^',  but  raruly  to  the  truuk.  The  disease  occurs  in 
certain  districts  in  Intha,  and  full  descriptions  of  it  have  boon  ^_ 
given  by  Vandyke  Carter  and  by  Lewis  and  Cunningham.  A  H 
'mailura'  foot  appears  cnlarj^'cd,  and  numerous  sinuses  with 
raised  mamniillatLid  apertures  open  on  the  surface  (fig.  51).  On 
making  a  section  into  the  diseastnl  tissues  the  bones  are  found  to 
be  more  or  less  carious,  while  the  soft  structures  are  tough  and 
hypertropliied  from  the  occurrence  of  chronic  inflammatory 
changes.  Numerous  small  cavities  are  present,  sometimes 
filled  by  yellowish  granules  resembling  fish-roe,  and  hence 
termed  '  roe-like  particles/  at  others  containing  black  particles  fl 
of  irregular  shape,  coal-like  consistence,  and  variable  size,  ex- 
ceptionally  as  large  as  a  marble  or  walnut.  The  presence  of  the 
white  or  black  granules,  which  may  be  discharged  from   tbo 
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BinnseB  lK)f(iro  mcntioncHl^  dtvidca  the  iliaease  into  two  classes — 
the  so-caUofl  white  ami  black  vjirieties.  Lewis  and  Cunningham 
hav©  bIso  described  a  third  variety  in  which  the  granules  are  red 
like  cayenne  pepper. 

Vandyke  Carter*  first  called  attention  to  the  similarity 
between  the  white  variety  and  actinomycosis  in  their  niicro- 
scopicfll  characters.  In  sections  stained  by  Oram's  method 
more  or  less  crescentic  or  reniform  bodies  are  noticeable,  divided 
into  wed^'e-shaped  areas,  which  contain  masses  of  iine  filaments 
stained  purple.  Surrounding  the  crescentic  boilies  ia  a  zone  of 
radiaHy  arranged  eleraent-s.  many  of  which  are  fan -shaped  owing 


Flu.  51. — A  Foot  svyt^v-rtui  with  Mai>ura  Dihease. 
(White  vftriety.) 


to  branching ;  they  are  indistinct,  as  they  do  not  stain  with  the 
gentian  violet,  hut  they  are  very  sugjjestive  of  the  club-shaped 
structures  present  in  actinomycosis,  and  they  resemble  the  Actino- 
mycosis hominis  inasmuch  as  they  do  not  stain  by  Gram's  method 
(Plate  XVIIL,  h).  By  staining  with  Iwrnatoxylin  and  orange- 
rubin,  or  with  tho  Elirlich-Binndi  triple  atain,  here  and  there  in 
the  radial  zone  well-defined  clubs  can  be  demonstrated.  It 
seems  therefore  that  the  radial  xone  is  composed  of  degenerate 
club-shaped  structures,  and  the  disease  evidently  closely  resembles 

'  Botnbtiy   Med.   and   Phya.   Soc,   ix.   1880  (new  wriea),  p.   96.     Also 
Hewlett,  Trana,  Path,  5oe.  Land.  xlU.,  1898. 

28 


MANUAL  or   BAUTERIOLOGY 

i^ycosia,  but  seems  to   be   due   to   a  different    species   of 

ithrix, 

)m  a  case  of  the  white  variety  Boyce'  cultivated   a  strepio- 

^"hich  diflerad  somewhat  from  the  Actirwmr/cas,  as  it  grew 

produced  no  pigment,  and  on  agar  formed  while  raised 
ig  with  radial  grooves,  not  unlike  the  tiny  barnacles  found 
id^n  piles  in  the  &qh,.    Vincent^  also  Uolated  n  streptotbris^ 
s  identical  with  tbafc  of  Doycse,  which  differed  from   the 
niTfccs   iu   growing    feebly   in    broth,    in    not    liqiiGfying 
.  and  in  not  being  inoculabl©  in  the  rabbit.     He  desenbes 
>rming  on  glycerin  agar  umbilicated  colonies^  first  white 
:+?rwai"d3  red.     Hhattock  '  suggests  that  the  red,  cayenne- 
like grains  occaaionally  met  witb  in   mycetoma   may  be 

coloniea  of  the  atr^ptothrix  which  have  produced  their 
it.     Microscopically,  this  organism  (Streptotkrir  ntadunis} 
:ical  with  the  ActinovtifCGs.    Musn;rave  and  Clogg  in  a  case 
white  variety  isolatod  li  streptothrix  {S,  frceri)  diflFenng 

nktion  of  tho  black   to  the  white  variety  of    luadura 
Inis   lie^n   somewhat  «lebtitf?^l,     Kanthack '  described  the 

^lYOKTOMA    AND  MYCOSES 
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membrane,  in  colour  pale  brown  with  white  periphery.  Small 
(Imps  of  brown.  cofTQe-coIourud  OaiJ  uppoared  on  tho  surface,  and 
the  potato  bocanao  brown  throughout.  On  agar  the  (growth 
formed  a  meahwork  of  widoly  pproading  greyish  filainents;  in 
old  cultures  (also  in  potato  infusion)  black  hard  granules,  or 
*  aclerotiar-'  were  observed.  In  broth  little  balls  of  radiating 
filaments  developed. 

Paltjiuf  ^  ascribed  the  white  variety  to  one  of  the  higher  fungi, 
but  ainco  the  cultivation  of  the  streptothrix  this  view  is  not 
tenable,  Le  Dantec^  met  with  a  case  of  the  black  variety  in 
Senegal  from  which  he  cultivated  a  small  bacillus,  but  either  this 
was  a  contamination  or  the  disease  was  distinct  from  mycetoma. 
The  writer  {loc.  cit.),  in  an  examination  of  three  specimens  of 
madum  disease,  met  with  one  which  could  not  bo  classed  with 
either  the  white  or  the  black  variety,  and  in  which  structures 
snggeative  of  a  sclerotium  were  present. 

It  would  seem  that  there  are  probably  several  conditions,  both 
in  aclinomycosia  and  in  mycetoma,  ha\*ing  a  general  resemblance 
but  differing  slightly,  and  dependent  upon  diflferont  species  of 
streptothrix. 

Mycosis  tonsillaris  (Mycosis  pharynoir  leptothbicia), 

A  chronic  disease  attacking  young  adults,  resistonfc  to  treat- 
ment, and  characterizeil  by  the  presence  of  small,  white,  tough, 
adherent  excrescences  on  the  mucous  membrane  of  the  pharynx. 
Microscopically,  the  patches  consist  of  collections  of  epithelial 
cells  and  debris,  infiltrated  with  leptothrix  filaments  and  bacteria. 
Tho  disease,  however,  seems  to  be  a  keratosis,  infection  with  the 
organisms  being  secondary. 

But  occasionally  a  true 'mycosis  '  apparently  occurs,  readily 
amenable  to  treatment  and  due  to  a  leptothrix.^ 


LErTOTItltlX    HUCC'.ALlft. 

Four  somewhat  similar  thread  forms  occur  in  the   mouth, 
viz.  Lcptothrix  racemosaj  L.  buccalis  jnaxinta,  L.  intiominata, 

*  Stmaitu^  uu'dtaiU;  }H[ii,  p.  2118. 

*  Arch,  dc  m4fil.  tMtale,  Dec.  1894. 

■  See  Glasgow  Medical  Journal,  No.  2,  1896,  p.  81  et  teq.  (Brown  K«Uy). 
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ht;Uhis  tmrnmm  bi^'calk,  Tbe  first  is  very  coiiiiuon, 
{large  threaiU,  Rhuws  a  peculiar  beaded  appearance  on 
which  hiis  heen  regarded  as  RporiilatioT],  and  may  be 
Iqs  form.  L.  hufcali'i  maxima  and  L.  mn'jmifjala  differ 
[ach   other   iq  that   the  former  gives   a   blue    gmauloae 

when  treated  with  iodine  and  dihite  sulphuric  acid,  while 
\&T   does  not.     All  these  three  organisms  are  very  girailar, 

filaments  are  either  unsegmented,  or  the  segments  are  oi 
■mble  length.     The  /?,  Ttiaxtmus  buccalis  is  very  like  the 

ilis  Ttui-j^hna,  but  dnes  not  give  the  granuloae  reaction* 

segments   are    shorter.      It  is    motile,   flagellated,  and 

I't  and  staiuM  by  Gram's  method. 

|ne  conEusion  exiatts   respectiu^'   the  thread   forma    of  the 
I 

CTiADOTHTHX    nrCHOTOMA. 

orf;iinisLii  not,  iiufroqiieutly  luct  wiih  in  natural  waters. 
IS  Ioul:  tliR'in^s,  stmiL^ht,  or  rtiHiii'tiiuiti  slightly  undulating, 
It  spiral  find  iLpp:iri;ntly  branched,  though  the  branching  is 
Jill ms'.     Tt  ijnn  he  rultivatrcl  on  the  ordinary  laboratory 
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CHAPTER  XVI. 


THE   BLASTOMYCETES. 


Succhivroinycetes  atnl  Tonilui— Tbu  Coimnun  VtmBls  aiii]  their  Examina* 
tion— The  Puthogenic  liinstomjcctcs. 

Tho  BkstoiuyceteH,  oryeaHts,  are  sharply  distinguished 
from  the  bacteriii  by  their  mode  o^  reproduction.  Whereas 
ill  the  bacteria  reproduction  is  by  fission  or  simple  division, 
in  the  Blastomyc^tes  it  is  by  gemmation  or  budding.  If  a 
eeli  of  ordinary  brewer's  yeast  be  watched  under  conditions 
favourable  to  growth  aud  reproduction,  it  will  he  found 
that  a  shght  protuberance  makes  its  appearance  at  one  pole 
of  tho  organism  ;  this  iutreiises  in  size,  and  ultimately 
a  daughter-cell  resembling  the  parent  is  reproduced  and 
separates  off. 

In  some  of  the  yeasts  there  is  also  a  method  of  repro- 
duction by  endospore  formation,  and  according  as  this 
occurs,  or  not,  the  Blastomycetes  are  divided  into  two 
groups : 

1.  Saccharomycetes,  or  true  yeasts,  in 

which  spore  formation  occurB. 
BlastomyceteH'      ^,.^.^]^,_  .^^  ^^.,^j^,j^  ^^  ^^^^.^  ^^^^^_ 

\  tion  has  been  observed. 

Although  the  term  *  torula'  has  thus  a  definite  signification, 
it  is  often  loosely  used  to  denote  any  yeast  cell. 

In  addition  to  reproduction  by  gemmation,  the  Blastomy- 
cetes are  also  distinguished  from  the  Bacteria  by  fclieir  larger 
size,  and  in  those  forms  in  which  endospores  occur  by  the 
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being  nmltiple  and  not  single  in  each  cell.     From 
phomjceteSf  or  moulds,  the  DlaBtomyoetes  are  dia- 
lled by  being  unicellular,  and  by  the  reproduction 
tsBxuaL     The  Blastomycetes,  however,  are  probably 
iiore  neiirly  allied  to  the  H3''phomycetefi  than  are  the 
I3  for  inany  of  the  moulds  have  a  stage  in  which 
celium  (see  next  chapter)  resembles  an  aggregation 
L  eella,  and  the  yeaats  in  old  cultures  form  films 
■h  the  cells   become  much   elongato-d,  like  those  in 
'celium  of  a  mould.      Jiirgenaen    and  others  have 
t  d  to   show  that  soi«e   of  the   yeastB   are  stages  in 
ulopiuent  of  a  fungus^  but  it  cannot  be  said  that 
^  vet  bee]i  satisfactorily  demonBtrated. 

^ 

Frhmb?itat!0>'. 

yeasts^    an?    of    ^Toat    importance    in    mducing    n>AQy 
I   cban^es^  especially  alcoholic   fGnuentation,    beer   and 
n^r  ahnost:  excIuBively  dtie  to  their  activity. 
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of  piaster  of  Paris,  the  cells  develop  Hpores,  First  the  cell 
becomes  divided  by  the  development  of  membranes,  the  so-called 
*  partition-wall  formation,'  into  several  chambers  iu  which  the 
spores  form.  In  the  different  yeasts  the  number  &nd  arrange- 
ment of  the  spores  vary;  in  the  S.  cercvisu^  the  typical  number 
is  four,  armnged  close  toj^ether^  three  on  one  plane  and  one 
resting  on  these,  like  a  pyramid  of  billiard  balls. 

The  spores  are  of  considerable  importance  in  the  identitica- 
tiou  of  species  of  Blastomycetcs,  as  the  form  of  the  cells  alone 
and  the  jjrowths  on  culture  media  are  not  sufficiently  distinctive. 
In  fact  so  little  can  these  two  characters  bo  relied  upon^  that  in 
order  to  isolate  in  pure  cultivation  it  is  necessary  to  grow  from 
a  single  cell.  This  can  be  done  by  making  a  miniature  plate 
cultivation  with  wort-gelatin  on  a  large  cover-glass  (ruled  in 
squares)  which  has  been  sterilized,  and,  after  the  layer  of  gelatin 
has  set,  mounting,  gelatin  downwards,  on  a  large  cell  on  a 
glass  slide.  The  preparation  is  then  carefully  examined  with 
a  i  or  ^  inch  objective,  and  the  positions  of  single  isolateti 
cells  are  noted.  This  is  not  a  difficult  matter  on  account  of 
the  comparatively  large  size  of  the  yeast  cells,  and  their  posi- 
tion ie  determined  by  the  cross-lines  ruled  on  the  cover-glass. 
The  preparations  are  kept  in  a  n:toist  chamber  in  a  warm  place, 
and  when  visible  colonies  have  developed,  those  which  are  derived 
from  a  single  cell  can  be  inoculated  into  tubcH  or  ilaska  of  a 
suitable  culture  medium. 

It  is  found  that  the  various  yeasts  form  spores  in  dilR-rfint 
periods  of  time  when  grown  under  similar  conditions,  and  on 
this  fact  is  based  what  ia  known  as  the  analysis  of  yeast— a  most 
valuable  method,  which  we  owe  to  Hansen.  The  chief  '  diseases  ' 
of  beers  and  yeast — i.e.  abnormal  fermentations  giving  rise  to 
inferior  products— are  duo  to  admixture  of  certain  '  wild  yeasts,' 
as  they  are  termed,  with  the  brewer's  yeast,  chiefly  the  S.  ellips- 
oideus  and  S.  pasloHajius ;  and,  in  order  to  detect  these 
'  disease '  species,  the  analysis  consists  in  determining  at  what 
time  ascosporcs  apjx^r.     Tlie  mode  of  procedure  is  as  follows  : 

The  yeast  is  sown  in  a  dask  of  sterile  wort,  and  incubatetl  at 
25°  C-  for  twenty-four  hours.     The  yeast  revives,  and  from  the 
deposit  of  young  cells  two  cultures  are  made  on  plaster 
blocks.     These  cultures  are  kept,  one  at  25^  C,  tl 
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and  aro  examined  twice  daily.     In  an  imcontamiDiited 

^  yeast  ascoapores  should  not  be  detected  in   less    than 

lotirs  in  the  culture  kept  at  25*  0.,  and  seventy-two  houre 

kept  &t)  16**  C,     The  plaster  of  Paris  blocks  are  sfcenlized 

[ul  llaming  in  the  Bun^eD,  and  are  then  plaeod  in  sterile 

ipsuletj  with  lids^'sufiScient  sterilized  water  being  ponred 

loroii^hly  moisten  the  whole  of  the  blocks ;  unLesa  this  is 

growth  occurs*     By  this  method  of  onalysia   &s  little 

[ea3t  *  ag  one  two-handredth  of  the  whole  can  be  detected. 

{addition  to  distinct  species  of  yeasts  there  are   &}so   % 

of    varieties   employed   in  brewing    ^c.^  diSering    but 

in  morphological  and  cultural  characters^  yet  producing 

results.    These  varieties  may  be  divided  into  two  groups — 

'facL^,  high  OF  top;  and  the  sedimentary,  low  or  bott'Oni 

|Lation  forms..     In  this  country  beer  is  brewed  by  ferment- 

iiifuaion  of  malt  with  yeast  which,  daring  the  prooeaa 

lliG  surface,  &m\  belou^'s  to  the  iirat  ^roup ;  while  the 

beera  are  obtained  by  yeaat  whicb,  during  fermentatioOt 

\o  the   bottom,  and    belongs   to  the  s^^cond  group.     The 

of  the  yeaat  io  the  high  ft^rmenli^tion  process  seems  to 
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The  yeasts  of  the  cerevisiiu  group  can  invert  cane  sugar, 
select  dextrose  from  litvuluse,  und  termeat  nialloyt],  but  they 
cannot  ferment  lactose,  nor  decomposa  inalto-dextrin. 

Pastokianus  Grouf. — Theao  are  wild  yeas  Is,  The  cells  aro 
elongated  (jr  sausage-shaiied,  and  six  or  eight  ascospores  are 
produced  in  a  cell. 

iS.  pastonanus  I. — A  hottom  fermentation  yeast  producing 
a  bitter  taste  in  beer. 

S.  past^rianiis  7/.— A  feeble  top  fermentation  form.  Surface 
cultures  on  yeast-water  gelatin  have  smooth  edges,  which  dis- 
tingnishes  it  from  the  next  species  : 

S.  pastonanus  III. — A  top  fermentation  form  producing 
turbidity  in  beer.  Surface  cultures  on  yeast-water  gelatin  have 
woolly  margins. 

Ellipsoideus  Gkouf. — These  are  wild  yeasts.  The  cells  arc 
usually  ovoid  or  pear-shaped,  sometimes  round,  rarely  elongated. 

Five  or  six  ascospores  are  produced  in  a  cell. 

S.  ellipsoideus  /.^A  liotbom  fermentation  yeast  occurring 
on  ripe  grapes. 

S.  ellipsouleuH  II. — A  bottom  fermentation  yeast  causing 
turbidity  in  beer. 

Both  the  pastorianus  ami  ellipsoideus  groups  resemble  the 
cereviaiw  group  in  their  chemical  actions,  but  they  are  able  in 
addition  to  decompose  malto-dextrin. 

S.  iifiomaliis  is  a  yeast  forming  small  ovoid  cells.  It  is 
curious  in  that  the  spores  are  hemispheres  with  a  projecting  rira 
at  the  base  like  a  bowU^r  hat. 

Another  point  in  the  ideutilicalion  of  species  of  yeasts  is  the 
period  of  formation  of  hhus.  If  the  yejist  is  grown  in  wort  with  free 
access  of  air  and  is  undisturbed,  after  a  varying  period  a  ULm  com- 
posed of  a  zoogliea  mass  of  cells  ap|>oars  on  the  surface. 

If  yeast,  or  disintegrated  yeast  cells,  bo  injected  into  animals, 

the  blood  acquires  specific  agglutinative  properties,  agglutinating 

the  yeast  cells  of  the  species  with  which  the  inoculation  has  been 

carried  out.* 

LiUratura  on  the  Yeash  of  Fenaentatum. 

Jurgen>ten,  Micrn-ortjnnijtms  mid  FenwnUilUm.  3rd  edit.  (Xfacmillnn  Jk 
Co.)    (Full  Diltliog.);  KlCcker,  Fermentation  Orgnntima. 

^  See  Maofiulytn,  Centr.f.  Bnkt,  {V  Abt.),  xxx.,  1901.  p.  368. 
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Examination  of  Yeastb-                                       . 

yeasts  can  be   reaflily  eiamined   in    the   fre^h  state  in 
-drop  preparations.     The  cells  should  be  yoang  or  they 
be  of  the  typical  form;  a  two  or  three  days  old  culture 
or  grape-sugar  may  be  uaed.     The  yeasts  grow  woU  on 
aary  gelatin,  agar,  and  jiotabo,  but  wort  jijelatin   or  agar 
preforred.     The  elongated  cella»  common  to  all  old  cul- 
yeasts,  may  he  obtained  from  the  films  which  form  on 
tures  in  wide  flasks  or  beakers  aft«r  two  or  three  weeks. 
rder  to  stain  yeasts^  a  dilution  of  thi^  culture  should  be 
11  wafccb-glasa  of  water,  so  that  the  cells  may  be  isolated, 
become  dietocted  if  groups  form  in  the  preparations, 
le  yt;ast  has  been  grown  in  wort,  it  is  best,  before  stain* 
tour  off  the  fluid  from  the  deposit  of  cells  at  the  bottom 
Inak  or  te^t-tube,  add  aonie   physiological  ealt  aolution 
ie,  then  allow  the  vessel  to  stand    far   an  hour  for  the 
K^linient*  and  tlie  procGss  of  washing  nifty  be  repeated 
'over  glass  fipecimeiig  may  be  prepared  in  the  ordinary 
I  tstftined  foi'  fivo  iijiniitE'H   in    Lrifllt^r's  methylene  bluej 
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cultivated  j-^eaet  forms  from  fermenting  fruits  which,  i>n 
inoculation  into  guinea-pigs,  produced  death  in  about  a 
month  with  the  formation  of  a  tumour  at  the  seat  of 
inoculation  and  embolic  growths  in  the  spleen  and  liver. 
He  also  obtained  a  similar  yeast  from  an  ox  affected 
with  carcinoma,  which  on  subcutaneous  inoculation  killed 
guinea-pigs  in  about  two  months,  and  inoculated  into  the 
peritoneum  in  a  montli,  with  multiple  embolic  growths 
in  the  lungs,  spleen,  and  mesenteric  glands.  A  good  deal 
of  calcification  was  present  in  the  growths,  from  which 
fact  Sanfelice  named  this  yeast  Saccharomi/ces  Utoffefus. 
Eabinowitch  and  also  Foulertori '  have  found  that  some 
of  the  ordinary  yeasts  give  rise  to  a  tumour  formation  on 
inoculation,  especially  in  the  rabbit. 

Curtis  '  obtained  a  yeast  from  an  apparently  myxomatous 
tumour  in  a  young  man.  The  organism  was  met  with  in 
two  forms,  free  and  encapsuled.  The  free  form  appeared 
in  young  agar  cultures  as  round  or  ovoid  cells  measuring 
8  to  6  /I  in  diameter,  often  showing  budding.  The  encapsuled 
form  was  luet  with  in  the  original  tumour  and  in  the 
tissues  of  inoculated  animals,  and  occurred  as  a  large 
sphere  l(i  to  20  m  in  diameter,  enclosing  the  yeast  cell,  the 
capsule  being  liyaline  and  4  to  i)  fjL  in  thickness.  On  agar 
at  'ST  C.  it  formed  whitinh,  opaque,  creamy  colonies  in  two 
to  three  days,  becoming  a  thick  creamy  growth  at  the  end 
of  a  week.  On  gelatin  it  formed  white  colonics  ar  growth 
in  four  to  five  days  without  liijuefaction,  and  in  broth  a 
HocculeJit  deposit,  the  broth  remaining  clear.  It  was 
iLi'robic,  did  not  grow  on  serum,  and  formed  a  small 
(juantity  of  acetic  acid  and  alcohol  when  grown  in  beer- 
wort  and  sugar  solutions.  It  was  not  pathogenic  for 
guinea-pigs,  but  inoculated  into  rabbits,  rats,  mice,  and 
dogs  it  produced  tumours  and  caused  death.     The  tumours 

'  Joum.  Path,  oitd  Duct.  vi.»  ISiJU.  p.  37. 

•  Ann.  de  Vhist,  Panitur,  x..  1890,  p.  449  (Refa.). 
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to  the  naked  eye  appeared  to  be  myxo-sarcomata,  and  in 
them  the  yeasts  were  found. 

BuBse  also  obtained  a  pathogenic  yeast  from  a  young 
woman  who  suffered  from  a  tumour  of  the  tibia,  and 
ultimately  died  with  diffused  growths  in  the  bones  and 
organs.  The  yeast-like  cells  were  observed  in  the  affected 
parts,  and  were  isolated  by  cultivation,  and  the  cultures, 
inoculated  into  mice  and  rabbits,  produced  death  with 
growths  in  the  organs.  As  in  Curtis*s  case,  the  cells  in 
the  tissues  appeared  to  be  encapsuled. 

Gilchrist  described  a  case  of  blastomycetic  dermatitis. 
Small  miliary  abscesses  were  present  in  the  rete  and  corium, 
in  the  pus  of  which  the  parasitic  cells  were  observed. 
These  were  usually  in  pairs  of  unequal  size,  the  largest 
measuring  about  16  yx,  surrounded  by  a  well-defined  capsule, 
and  containing  a  granular  protoplasm  in  which  a  vacuole 
was  present.  Clinically,  the  case  had  been  regarded  as  one 
of  scrofuloderma,  but  no  tubercle  bacilli  could  be  found. 

Numerous  cases  of  blastomycetic  dermatitis  have  now 
been  recognized,  and  several  instances  of  general  systemic 
blastomycetic  infection  have  been  recorded. 

Granulomatous  tumours  occurring  in  epidemics  among 
horses  in  Japan,  France,  and  Italy  are  also  caused  by 
Blastomycetes. 

Clinicaii  Examination  (Pathogenic  Yeasts). 

The  cells  can  be  well  seen  in  the  fresh  state  in  the  teased-up 
tissues  mounted  in  water  or  glycerin. 

Curtis  recommends  staining  in  carbol-thionine  blue,  and  for 
sections,  picro-carmine. 

Busse's  method  for  sections  is  as  follows  : 

1.  Hiematoxylin  solution  for  fifteen  minutes. 

2.  Wash  in  distilled  water. 

S.  Counter-stain  in  weak  carbol-fuchsin  (1  :  20)  for  thirty 
minutes  to  twenty-four  hours. 
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4.  Deoolori/.^  in  05  per  cent,  alcohol  (or  lifteen  seconda  to 
one  minute. 

5.  Absnluk*  alcohol,  xylol,  mounfc  in  Canada  ha-Isam. 
Gitchristr  recommends  treatini:;  the  spctions  with  10  per  cflnt. 

caustic  potash  solution  and  exatiihiinx  in  50  per  cent,  fjlycerin 
without  staining. 

Crayton  recommends  that  small  pieces  of  the  tissues  should 
l>e  excised  from  the  growing  margin,  treated  with  ether  for  two 
to  five  minutes,  niacenited  in  20-30  per  cent,  caustic  potash  solu- 
tion for  five  to  ten  minutes,  and  then  examined  without  staining. 
Cultures  may  he  readily  obtained,  with  a  little  care,  preferably  on 
beerwort  gelatin. 

Lilcififnre  on  the  I'tithogcnic  Iiln-^t*utiycrtt-s. 

BnKse,  Dis  Heffn  aU  KrnnkhMtserreger,  Hir»chwa1(]«  lft97. 

Gilchrist,  Johns  Hopkim  IIoxp.  TinU.  i.,  18%,  p.  im. 

Gilchrist.  Journ.  of  Exp.  Med.  ii.,  I»y8,  p.  5«. 

Roncali.  Journ.  Path,  and  linct.  v.,  ISBH,  p.  1.     {Bibliog  ). 

Brayton,  Journ.  Amcr.  Jded.  -ds.foc  xxxviij ,  1902,  p.  313. 

LeCoant  and  Myers,  Journ.  of  Infectious  DisenseSt  iv.,  1907,  p.  187. 
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CHAPTEK   XVIL 

THE  HYPHOMYCETES — RINGWORM  AND  THRUSH. 

The  Hyphomycetes  are  an  important  group  of  the  true 
fungi,  and  include  those  forms  which  are  commonly  known 
as  moulds.  They  are  multicellular  individuals,  composed 
of  filaments  which  may  be  simple  or  branched,  jointed  or 
unjointed.  These  filaments  are  termed  hyphae,  and  are 
formed  by  the  end-to-end  union  of  elongated  cells.  When 
the  hyphffi  project  upwards  into  the  air  they  are  known 
as  aerial  hyph®,  and  when  downwards  into  the  fluid  or 
medium  on  which  the  organism  is  growing,  as  submerged 
hyphae,  and  the  compact  tufts  or  masses  resulting  from 
numbers  of  interlacing  liyphfP  are  termed  mycelia.  A 
mycelium  may  form  a  hard  lignitied  mass  or  pseudo-paren- 
chyma, which  is  known  as  a  sclerotium,  such  as  is  met 
with  in  ergot  and  in  the  black  variety  of  mycetoma.  In 
addition  to  being  multicellular,  the  higher  development 
of  the  Hyphomycetes  is  seen  in  the  specialization  of  cer- 
tain parts  for  the  function  of  reproduction,  reproductive 
organs  being  produced.  Although  all  the  species  multiply 
asexually,  in  most,  if  not  in  all,  a  sexual  method  occurs 
also.  Mucor  mucedoy  Fenicilhum  glaucumy  and  Asjpcr- 
gilluH  niger  may  be  taken  as  ty^ies  and  more  fully  de- 
scribed. 

MuCOR   MUCEDO. 

Mucor  muccdo,  the  common  white  mould  which  appears  like 
tufts  of  cotton-wool  on  various  substances,  may  be  obtained  by 
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exposing  anrae  moistened  bread  or  horsedung  to  the  air  for  a  short 
time,  and  then  keeping  it  moist  under  a  holl-jar.  It  consists  of 
ft  mycelium  compoaed  of  hypbir,  and  its  fluffy  appearance  ia 
caused  by  aerial  hyphjp.  The  aerial  hypha*  are  at  first  of  even 
diameter  fehroughout,  hut  later  on  their  free  ends  become  swollen 
and  ultimately  form  spherical  bodies,  which  become  filled  with 
spores  and  are  known  as  sporangia.  In  the  early  stage  the  whole 
organism  forms  but  a  single  cell,  the  protoplasm  of  which  is 
granular^  and  contains  vacuoles  and  numerous  small  nuclei.  As  it 
grows,  and  the  sporan*^ia  form,  these  become  separated  by  a  soptum 
from  the  hyphic,  and  when  it  liecomos  older  still  the  mycelial 
hyphmmay  be  divided  into  clonf^ated  cells.  The  development  of  a 
sporanfjtum  takes  phice  as  follows  :  The  distal  end  of  an  aerial 
hypha  swells,  and  immediately  Ijelow  the  swollen  part  a  division 
occurs  in  the  protoplasm  and  a  cellulose  septum  is  formed,  so  that 
the  swollen  part  is  separate<l  off  from  the  rest  of  the  hypha,  form- 
ing the  rudimentary  sporangium.  The  sporangium  continues  to 
grow,  and  its  protoplasm  underg:oes  multiple  fission  into  numerous 
ovoid  masses,  the  spores,  each  of  which  becomes  surrounded  with 
a  cellulose  capsule.  The  septum  separating  the  sporangium  from 
the  hypha  projects  upwards  into  the  interior  of  the  sporanr;ium 
as  a  club-shaped  knob  known  as  the  columella.  When  the 
aporangium  is  ripe  the  slightetit  touch  aiuses  its  wall  to  rupture, 
so  liberating  the  spores.  Whon  placed  under  favourable  conditions 
the  spore  germinates,  it  becomes  granular,  and  bulged  out  in  one 
or  more  places,  and  those  buds  increase  in  length  and  ultimately 
form  hypha\ 

Occasionally  a  process  of  conjugation  occurs.  Two  adjacent 
hyphie  send  out  lateral  branches  which  come  in  contact  with  one 
another,  and  a  septum  forms  in  each,  separating  a  small  portion 
of  protoplasm  from  the  rest  of  the  hypha.  Tho  apposed  walls  of 
the  two  cells  become  absorbed  and  the  contents  mingle.  Tlio 
mass  of  protoplasm  so  formed  becomes  surrounded  with  a  thick 
oell-wall,  giving  rise  to  an  inactive  spore  like  body  known  aa  a 
zygospore.  The  zygospore  under  favourable  conditions  sprouts 
like  an  ordinary  spore,  forming  a  mycelium  which  develops 
sporangia  bearing  aerial  hyphie. 

Certain  mncors  form  appreciable  amounts  of  alcohol. 
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Penicillium  glaucum, 

jnijs  the  bhiieh-green  mouldy  patches  fiimiliar  to  every 

by  far  the  commonest  of  all  speciea,  and  ma}'  be  obtaiDed 
t  bread  or  jam  or  by  exposing  si  gelatin  plate  to  the  air 
t  time.  If  the  mouldy  patch  lie  rubbed  &  fine  greenish 
iS  away.  Thia  dust  conaiata  of  myriads  of  spores ;  if 
it  bo  transferred  with  a  moistened  needle  to  a  gelatin 
Gtter  still,  t3  a  han^ng-dcop  preparation,  the  growth  of 
am  c&n  bo  studied.  After  two  or  three  days  little  white 
11   be   observe,  which   microscopically   are    found   to 

tufts  of  delicate  interlacing  filaments,  the  byphf)^ ; 
soming  much  interwoven,  ultimately  form  a  to^igh 
,  The  patches  of  growth  are  circular,  and  the  byphK* 
lod  to  radiate  from  the  centre.     As  the  patch  inereasea 

changes  in  colour,  becoming  bluish-green,  though  the 
jr  some  time   still  remains   white.     From   tho   upper 

the  uiyceliitm  delicate  a^Tini  hyphit-  ^vaw  upwards,  and 
inJor  surface  short  SLdmiergtMl  ones  prnjoct  downwards. 
yphje  are  coinpoaed  of  elongated  cells  arranged  end  to 
ell-walls  of  which  consist  of  cellulose  enclosing  a  more 
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walls  &  sclerotium  form  arises  ;  it  is  a  hard  solid  body,  yellowish 
iu  colour  and  resembles  a  grain  of  sand,  the  carpogonium  bein^ 
at  the  centre.  If  placed  ia  favourable  conditions  the  sclerotia 
germinate  after  BOiiie  time.  Two  forms  of  byphiu  are  produced, 
one  thick^  the  other  thin  ;  the  laiier  become  much  twisttKl.  The 
thick  hyphdi  become  branched,  and  ultimately  a  number  of  pear- 
shaped  bodies  are  produced.  The  contents  of  these  bodies  then 
become  broken  up  and  form  spores  ;  the  bodies  are  known  aa 
asci  and  the  s|x>reB  as  ascospores.  From  the  ascosporea  the 
ordinary  mycelial  form  again  develops.* 


AsPEBQUiliUS    NIQEB. 

Aspergillus  (several  varieties)  ia  occasionally  met  with  ;  it  can 
be  recognized  by  the  rounded  sporangia  with  radial  markinga 
which  are  supported  on  aerial  hyphie  given  off  from  the  mycelium. 
A  process  of  sexual  reproduction  occurs  very  like  the  one 
observed  in  penicillium.  Aspergillus  nujer  grows  well  on  the 
ordinary  laboratory  media,  producing  on  potato  a  powdery,  sooty 
growth  after  a  time. 

With  the  exception  of  the  ringworm  and  allied  fungi, 
which  produce  parasitic  skin  affectious,  the  llyphomyeetes 
are  not  of  very  great  pathological  importance.  In  the  ear 
and  nose,  mucors  and  asijergilli  may  be  met  with,  but  in 
these  situations  they  are  epiphytes  rather  than  parasites, 
and  the  same  species  CM3cur  in  bronchiectases  and  pulmonary 
vomicje.  Occasionally,  however,  a  pneumono-mycoBis  ^  has 
been  met  with,  the  mycelium  of  the  fungus  ramifying  in 
the  lung  tissue  and  setting  up  irritative  and  other  changes. 
'  Pneumono-mycosis  '  or  *  pulmonary  aspergillosis  '  is  espe- 
ciiilly  a  trade  diaeaHe  among  bird-rearers.  Grain  is  taken 
into  the  mouth  and  the  bird  fed  with  it,  and  in  the  course 
of  this  operation  the  mould  spores  are  inhaled.    The  cooTBe 

*  See  BrefvliI,  Qwtrt.  Journ.  Microscop.  Soc.  xv.  p.  842. 
«  Arkle  and  HiuUs.  Tram,  Path.  Soc,  Land,  vol.  47,  ISfttt,  p.  8  {Bibliog.) ; 
Boyoe,  Journ.  Path,  and  Bad.  Oct.  1892  (Bibliog.). 
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of  the  disease  is  much  like  chronic  bronchitis  or  pulmonary 
tuberculosis.  The  species  met  with  in  this  condition  seems 
generally  to  have  been  the  Aspergillus  fumigatus. 

The  black  variety  of  madura  disease,  as  already  stated 
(p.  434),  is  due  to  a  fimgus  form. 

Cultivation  and  Examination. 

The  Hyphomycetes  can  be  cultivated  on  the  ordinary  labora- 
tory media,  but  wort-agar,  or  wort-gelatin,  potato,  bread,  or 
maltose  agar  is  to  be  preferred. 

They  can  be  examined  by  removing  a  portion  of  the  growth, 
teasing  up  gently  with  needles  in  a  little  50  per  cent  alcohol 
containing  a  trace  of  ammonia,  removing  the  surplus  fluid  with 
blotting-paper,  and  mounting  in  Farrant*s  solution  or  in  glycerin 
jelly.  If  desired,  they  may  be  stained  by  the  irrigation  method 
with  f uchsin. 

In  the  tissues  they  may  be  stained  with  hEematoxylin  or 
methylene  blue,  or  by  Gram's  or  by  Weigert*s  method. 

Ringworm.^ 

The  ringworm  fungi  must  probably  be  included  in  the 
group  of  the  Hyphomycetes.  Human  ringworm,  formerly 
regarded  as  a  single  disease,  has  been  proved  to  comprise 
at  least  two  affections  through  the  researches  of  Sabourand. 
These  two  forms  are  distinguished  from  each  other  clini- 
cally and  by  differences  in  the  parasitic  organisms. 

The  first  variety  is  an  affection  of  early  childhood, 
forming  80  to  90  per  cent,  of  the  ringworms  met  with  in 
London  ;  it  never  attacks  the  scalp  of  adults,  never  affects 
the  beard  or  nails,  is  very  intractable,  and  frequently 
epidemic.     The  parasite  is  characterized  by  small  spores 

'  On  Ringworm,  see  Colcott  Fox  and  Blaxall,  Brit.  Journ.  of  DermaL 
1896  (Bibliog.),  and  Trans.  Path.  Soc.  vol.  48,  1897,  p.  301 ;  also  Malcolm 
Morris,  Tratis.  Intemat.  Congress  of  Dermatology,  1896.  Al80  Brit,  Med. 
Journ.  1897,  ii. 
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meaHuring  3  to  4  /^  in  diameter,  and  round  or  ovoid  in 

shape.  Affected  hairs  are  generally  broken  off,  forming 
relatively  long  stumps,  greyish  in  colour,  and  possessing  a 
whitish  sheath.  When  suitably  prepared  in  potash,  this 
sheath  is  seen  to  bo  comjKJsed  of  the  spores  agglomerated 
tof^ether  without  apparent  order,  and  the  hairs  themselves 
are  filled  with  delicate  parallel  mycelial  threads  (fig.  52). 
The  parasite  is  named  the  Mkrosporon  Andouini. 

The  second  Vitriety  comprises  the  ringwormn  with  large 
spores,  and  is  divided  into  two  groups  by  Sabouraud.     The 


y 


Fio.  52.  -  RiNGWOEM  IN  A  Haib.     X   a50. 


first  of  these  groups  is  exclusively  of  human  origin,  and 
has  a  marked  tendency  to  affect  the  interior  of  the  hair 
only,  and  hence  the  parasite  has  been  termed  the  Tricho- 
phyton megalosporon  endothrix.  The  other  gi'onp  is  of 
animal  origin,  and  the  spores  are  met  with  chietly  on  the 
outside  of  the  hair,  and  the  fungus  is  hence  termed  the 
Trichophyton  megalosporon  cctothrix. 

The  endothrix  form  occms  later  in  childhood,  is  not  so 
persistent  as  the  viicrospcron,  and  does  not  attack  the  nails 
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or  beard.  Microscopically,  the  fungus  is  seen  to  consist  of 
beaded  threads,  which  are  rounded  or  ovoid  spores  joined 
end  to  end.  The  ectothrix  form  rarely  attacks  the  scalp, 
but  is  responsible  for  all  the  tinea  sycosis  and  ringworm  of 
the  nails  and  half  the  cases  of  tinea  circinata.  Suppura* 
tion  is  common  in  this  form.  Microscopically,  appearances 
differ ;  generally  the  spores  are  arranged  in  chains,  but 
the  sporulation  is  less  regular  than  in  the  endothrix.  The 
spores  in  the  endothrix  and  ectothrix  varieties  measure 
4  to  12  /£  in  diameter. 

The  ringworm  fungi  can  be  readily  cultivated  on  all  the 
ordinary  media — beer-wort  agar  and  beer-wort  gelatin  being 
especially  favourable.  They  form  whitish  fluffy  growths 
with  rapid  liquefaction  of  gelatin.  In  order  to  obtain  culti- 
vations the  diseased  hairs  or  stumps  are  removed  by  forceps 
and  placed  on  a  sterile  glass  slide.  The  aerial  portion  of 
the  hair  is  then  cut  away  by  means  of  a  sterile  scalpel, 
and  the  diseased  portion  divided  into  small  fragments. 
These  can  be  picked  up  with  a  moistened  platinum  needle 
and  transferred  to  the  culture  media,  preferably  beer-wort 
agar.  In  some  cases  a  pure  culture  is  thus  obtained,  but 
in  others  further  treatment  is  necessary.  When  the  Tricho- 
phyton or  Microsporon  has  thrown  up  its  aerial  hyphee  the 
plug  of  wool  is  removed  from  the  tube  and  the  mouth  well 
flamed ;  the  tube  is  then  held  inverted  over  a  Petri  dish 
containing  solidified  maltose  agar.  A  sharp  tap  or  two  is 
given  to  the  tube,  sufficient  to  cause  the  spores  to  drop, 
and  the  dish  re-covered.  A  growth  of  the  organism  from 
single  isolated  spores  thus  ensues,  and  pure  cultures  can  be 
obtained  (Blaxall). 

The  various  forms  of  the  ringworm  fungi  can  be  dif- 
ferentiated by  cultures,  but  it  is  necessary  when  comparing 
them  to  employ  media  of  identical  composition,  because 
slight  differences  in  the  latter  are  liable  to  induce  marked 
changes   in   the   characters  of  the  cultures.     A  favourite 
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medium,  used  by  Sabouraud  and  by  Blaxail^   is   maltose 

agar; 

Peptone 0"5  gram 

Maltose 3*8  grama 

Agar-agar          ,         .         .         ,1-3  grams 
Water 100  e.o. 

Blaxall  found   that   different   maltoses   materially  in- 
fluenced the  characters  of  the  cultures. 


Fiti.    53.— CUI^TITRB    OF    THC     ll»OWORM    OltOANISU. 

Endoticbix  Fohm. 

Characters  of  the  Cultures. — Cultures  are  incubated  at 
80"*  C.  The  colonies  of  the  Microsporon  do  not  show  any 
growth  until  about  the  seventh  day ;  little  white  downy  tufts 
then  appear.  The  fully  developed  growth  on  maltose  agar 
forms  a  large  white  downy  patch  with  a  small  central  boss  ; 
on  potato,  white  downy  patches  with  brown  discoloration. 

The  cndothrix  variety  commences  to  grow  in  six  or 
seven  days,  and  on  maltose  agar  in  about  a  month  forms 
a  rounded  patch  with  n  central  crateriform  depression,  the 
whole  being  du&ted  with  fine  white  powder  (fig.  53)  ;  on 
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wdery  stars  develop  tinged  with  yellow  and  usually 
iscoloration  of  the  medium* 

ultureB  of  the  ectothrix  form  are  variahle.    They 
3  on  the  third  or  fourth  day ;  some  develop  whitish, 
r  wrinkled  growths ;  otherSj  from  the  dog,  form 
tUj   wrinkled,  powdery  growths  ;   others,   of  bird 
rm  purpliflh  growths. 

ifopicallyj  all  the  fungi  show  masses  of  mycelial 
■ith  spores.     They  stain  with  the  ordmary  anilm 
ulao  by  Gram*s  method,  and  can  be  mounted  in 
elly  in  the  manner  deaeribed  at  p,  450. 
dyen^  found  that  the  ringworm  organism  produces 
peptonizing  enzyme,  and  seems  to  increase  the 
of    keratin  when  grown   on    it ;    no   inverting 
mid  be  isolated. 

Clinical  Examtnatios. 
ur^hojjl^j^^jLtgMke^it^the^m^^ 
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Favus. — FavuH  is  due  to  a  fungus  discovered  by  Sohoenlein 
in  16iJ0,  the  Achorion  Schoeftiehiii,  It  is  seen  as  a  m3'06lial 
growth  with  spores  in  the  patches.  The  organism  growe  well  on 
maltose  agar,  forming  fluffy,  woolly  moss-like  colonies  with 
radiating  outgrowths,  first  grey,  and  then  yellowish.  It  occurs 
on  mice  and  other  animals. 

PiTYKUiiiB  VERSICOLOR. — In  the  (pldermal  scales  of  this  skin 
affection  a  fungoid  OTg&mBni{Microsporonfur/iir)  ia  present.  It 
occurs  as  short  and  thick  curved  hypha?  between  which  are 
masses  of  large  cotirao  spores.     It  has  not  been  cultivated. 

PiNTA. — A  skin  disease  met  with  in  South  America.  In  the 
scales  short  mycelial  filaments  with  large  (8-12 /j)  spores  are  seen, 
Various  organisms  have  been  cultivated  belonging  to  the  genera 
Pcjiicillium  and  Aspergillus. 

PiEDRA.— A  disease  of  the  hair  met  with  in  South  America. 
The  nodosities  on  the  hairs  are  composed  of  masses  of  very  large 
refractile  spores. 

Thrush.* 

ThruBh  ifl  due  to  au  orgatiism  {Oidiuvi  albicans)  which 
is  usually  classed  among  the  Ilyphomycetea.  Ifc  forma  the 
whitish  patches  so  frequently  seen  on  the  mucous  membrane 
of  the  mouth  and  pharynx  in  children,  and  in  those  suffering 
from  wasting  diseases,  but  a  general  infection  has  occasion- 
ally been  produced  by  it.  If  one  of  these  patches  is  removed 
and  teased  up,  It  will  be  found  to  consist  of  masses  of 
tangled  mycelial  threads  with  yeast-liko  budding.  The 
organism  can  be  readily  cultivated  on  all  the  ordinary 
laboratory  media,  and  will  also  grow  on  slightly  acid  media 
such  as  wort-gelatin.  It  produces  whitish,  membranous, 
adherent  growths  in  which  it  appears  morphologically 
under  two  forms,  as  uiasHeB  of  tangled  filaments  or  hyphae 
and  as  yeast-like  cells.  On  acid  media  the  latter  exclusively 
occur,  on  alkaline  the  former  predominate.  It  liquefies 
gelatin,  stains  by  Gram's  method,  produces  an  alkaline 
reaction  by  the  formation  of  ammonium  carbonate,  and  does 

>  Sm  Teissier,  Arch.  MAi,  ExjtAr.  iz.,  1697,  p.  268. 


The  patches  may  be  teasec 
described  for  the  Hyphomycete 
may  be  stained  with  carbol-fnc 
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CHAPTER   XVIII. 

THB    PEOTOZOA.^ 

Tho  Geneml  Stractare  of  tho  ProtoEOA — Pathogenio    AnKBbtc — Trypano- 
vomata— Leishman'DoDOvan  Body — Spirochaeiie — Cocoidia — Malaria. 

The  Protozoa  are  an  important  group  of  unicellular 
organisms,  regarded  as  animal  in  nature,  and  sharply  and 
definitely  distinguished  from  the  rest  of  the  animal  kingdom, 
to  which  the  names  of  metazoa  and  enterozoa  are  applied. 
The  latter  consists  of  many  cells,  differentiated  to  perform 
different  functions,  and  arranged  in  two  layers— endoderm 
and  ectoderm  —  around  a  central  cavity,  the  enteron. 

'  It  is  true  that  some  protozoa  consist  of  aggregates  of 
cells,  and  should  therefore  be  entitled  to 'be  called  multi- 
cellular ;  yet  an  examination  of  the  details  of  structure  of 
theso  cell-aggregates  and  of  their  life-history  o&tabliHhes 
the  fact  that  the  cohesion  of  the  cells  in  these  instances  is 
not  an  essential  feature  of  the  life  of  such  multicellular 
protozoa,  but  a  secondary  and  non-essential  arrangement. 
Like  the  budded  **  persons  "  forming,  when  coherent  to  each 
other^  undifferentiated  '*  colonies  *'  among  the  polyps  and 
corals,  the  coherent  cells  of  a  compound  protoaoon  can  be 
separated  from  one  another  and  live  independently ;  their 
cohesion  has  no  economic  significance.  Each  cell  is 
precisely  the  counterpart  of  its  neighbour ;  there  is  no 
common  life,  no  distribution  of  function  among  special 
groups   of    the    associated    cells,    and    no   corresponding 

'  8ee  Miacliin  in   Uny  Lankeiiter's  Text-book  oj  Zoology,  and 
A]Ibutt*B  System  of  Meilicinc,  ed.  3,  vol.  ii.  Pt.  ii. ;  Hortog  in   Ctimbr 
Natural  History^  vol.  i. 


onding  ^^ 

1  CliiTord  ^H 

xmhr  ^^1 


2 

MANUAL   OF   BACTERIOLOGY 

fciation  of  structure*    As  a  contrast  to  this,  we  find 

simplest  enterozoa  that  the  tiells  are  functionally 
ructurally  distmf?uishable  into  two  groups — those 
ine  the  enteron  or  digestive  cavity,  and  those  which 
le  outer  body  wall.     The  cells  of  these  two  layers 

interchangeable,  ]>ut  are  fuiidamen tally  different  in 
ies    and   Btructure '    (Ray   Lankester).     It   is    true 

HOme  instances  there  may  1)6  a  difficulty  in  deciding 
L*  an  organism  is  vegetable  or  animal,  and  Haeckel 
h1  to  include  all  unicellular  organisms  in  a  distinct 
01,  the  Protista. 

^  cytopksmof  a  protozoon  is  commonly  differentiated 
I  outer,  clearer,  denser  layer  or  ectosarc,   and   an 
granular^  more  fluid  portion,  the  endosarc.      The 
sni  is  sometimes  imked,  <jr  may  be  t?c)vered  with  a 

usually  protein  in  uaturtj.     The  cytoplasm  contains 
marked    naeb:ui?i,  sometimes   a  secondary   nucleuSj 
Laaionally   subsidiary  chromatiu   particleB  or    chro- 
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According  to  Biitsclili.  the  protozoa  may  bo  divided 
into  the  following  classes : 

1.  Sarkopina. — Protozoa  in  whitih  the  cell  protoplasm  is 
naked,  and  locomotion  and  ingestion  of  food  are  performed 
by  means  of  temporary  protoplasmic  processes  or  pseudo- 
podia,  lb  includes  the  AmtBhie,  Foraminifera,  and  Radio- 
laria. 

2.  MAsnoornonA. — Protozoa  in  which  the  coll  proto- 
plasm is  usually  enclosed  within  a  cuticle,  and  which  have 
one  or  a  few  locomotive  organs  in  tlie  form  of  flagella.  It 
includes  the  trypanosomes^  Noctiluca,  Trichomonas,  and 
perhaps  the  spirochaetes. 

H.  Si'ORozoA. — Proto/oa  which  are  exclusively  parasitic, 
possessLug  neither  flagella  nor  cilia,  and  usually  not 
amu^boid.  Reproduction  by  sporulation,  binary  fission 
being  almost  unknown  in  this  group.  It  includes  the 
malaria  and  other  important  parasites. 

4.  Infusoria, — Protozoa  posaeeaing  locomotive  organs 
in  the  form  of  cilia,  and  in  which  the  nuclear  apparatus  is 
differontiateii  into  a  vegetative  macronndeus  and  a  genera- 
tive micronitclcus.  Many  common  animalcules,  such  as 
Paramecium  and  VorticeUaj  belong  to  this  group. 

Class  L — Sarkodina. 
The  Sarkodina  includes  a  number  of  forma  of  very 
varied  morphology  and  habits,  such  as  the  Amci^bae, 
Heliozoa,  Radiolaria,  and  Foraminifera ;  the  three  latter 
groups  being  characterized  by  tho  presence  of  a  siliceous  or 
calcareous  skeleton  or  shell. 

Pathooenic  Am<ebjfJ 
Three  species  of  Am<vh(c  seem  to  be  parasitic  in  man, 
and  the  generic  name  of  EntwtncBha  has  been  given  to 

'  Councilman    and    Laflear,    Johiu    Hopkitts   llosp.   Itrjm.    ii.,    1891 
Bchaudinii,  A  K.  Gesiiiuliieilmmfe,  xix.  p.  547 ;  Strong,  Mutigrave,  Cli 
Thomas  and  WooUcy.  Bureau  of  Oot.  Laboratorios,  Manila,  Bull$,  18  anil 
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them.  One,  the  A,  huccalis^  occurs  in  the  mouth  in  dental 
caries,  the  other  two  inhabit  the  intestine.  One  of  the 
latter,  the  Entamceba  coli  {Ammha  col%  Losch),  occurs  in 
the  upper  part  of  the  large  intestine  and  appears  to  be 
harmless  ;  the  other,  the  Entamoeba  histolytica,  is 
regarded  as  the  cause  of  one  form,  the  amoebic,  of  tropical 
dysentery. 

The  Amceba  histolytica  is  met  with  in  the  fsaces  in 
certain  cases  of  dysentery,  and  in  the  pus  of  the  so-called 
trofHcal  abscess  of  the  liver.  It  occurs  as  a  large  protoplasmic 
mass,  measuring  25  to  35  /i  in  diameter,  possessed  of  slow 
amoeboid  movement,  and  having  a  clearer  outer  zone  or 
ectosarc  and  a  granular  endosarc.  The  pseudopodia  are 
always  blunt,  never  pointed  (fig.  65).  In  the  endosarc  highly 
refractile  granules  occur,  and  it  often  contains  blood  cor- 
puscles and  a  vacuole  (fig.  54,  b) .  A  nucleus  can  also  bedemon- 
etrated,  but  being  poor  in  chromatin,  stains  with  difficulty 
(fig.  54,  a).  According  to  Schaudinn,  the  A.  coli  differs  from 
the  A,  histolytica  in  that  the  ectoplasm  is  not  distinctly 
fleen  except  during  the  formation  of  a  pseudopodium  and  the 
nucleus  stains  deeply.  The  development  of  the  two  forms 
is  also  different.  A.  coli  multiplies  by  simple  binary 
fission,  and  also  by  multiple  fission  into  eight  small  amoebse. 
Encystment  may  also  occur,  with  repeated  binary  division 
of  nucleus  and  protoplasm,  part  of  the  nucleus  being  cast 
out,  and  ultimately  the  cyst  contains  eight  nuclei  around 
which  the  protoplasm  collects,  so  that,  if  swallowed,  eight 
small  amoebsB  are  set  free. 

The  A,  histolytica  multiplies  by  binary  fission,  and 
also  by  irregular  gemmation,  so  that  an  indefinite  number 
of  small  amoebse  is  formed.  Instead  of  encystment  occur- 
ring, as  in  the  other  species,  resistant  spores  are  formed. 
The  nucleus  gives  off  chromidia,  some  of  which,  together 
with  portions  of  the  ectoplasm,  are  extruded  and  become 
spores  surrounded  by  tough  capsules.    Apparently  infection 
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of  a  fresh  boat  occutb  only  with  material  coHtaining  these 
spores. 

The  presence  of  the  Amoeba  in  the  pas,  and  especially 


Fia.  51. — AuocaA  utsTot.rr/cA.     (After  Counciluan  and  LAn.Kuit.) 
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Fio.  65. — Cmanobs  xk  roRM  op  an  Amixsa  msTOLrncd  obskkved  on  a 
Warm  Staoe,  and  drawn  at  Intebtalb  op  one  Minuts.  (Semi- 
diagramniAtio  b;  the  writer.) 

in  the  wall,  of  tropical  abscesses  is   of  considerable  dia- 
gnostic significance,  and  the  parasite  is  considered  to  be 
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setiological  importance  in  cases  of  true  tropical  dysentery 
(see  *  Dysentory  ').     The  umcebte  are  not  usually  observed 
in  the  abscess  pus  at  the  time  of  operation,  but  make  their 
appearance  in  the  discharge  about  the  third  day,  i.e.  when 
the  wall  of  the  abscess  cavity  is  breaking  down.     In  the 
true  tropical  abscess  the  ordniary  pyogenic  organisms  are 
absent,  unless  a  secondary  infection  has  occurred,  which  is 
the  exception.     The  abscess  is  iisuully  single,  and  Rogers 
suggests  that   the  amctbie  reach    the   liver   by  adhesions 
between  it  and  the  bowel.     The  ama^bfle  may  be  cultivated 
on  ordinary  or  on  water  agar  provided  some  bacterium  is 
present  at  the  same  time,  e.g.  B.  coli,  cholera,  or  others. 
Material  rich  in  amcebrc  may  be  smeared  over  agar  plates, 
which  are  grown  at  25*'-30*  C.  for  twenty-four  to  forty- 
eight  hours,  and  then  examined  with  a  tow  power.     In  any 
spot  where  a  single  amceba,  or  a  small  group,  is  observed, 
with  a  little  dexterity  the  organism  may  be  lifted  up  with 
a  fane  needle  and  transferred  to  a  freHli  plate,  and  by  a 
repetition  of  the  process,  pure  culliu-ea  may  be  obtained. 
The  cultivated  ama'ba3  are  pathogenic  for  monkeys,  and 
induce   abscess  on  inoculation  into  the  liver.     Mu&grave 
and  Clegg  {loc.  cU.)  are  of  opinion  that  all  ami^'hs  are,  or 
may   become,   pathogenic.      The    amt:ebffi   are   sometimes 
present  in  large  numbers  in  the  stools,  being  most  numeroas 
in  the  acute  stage. 

Old^ioal  Duonobis. 
1.  A  drop  of  the  dysenteric  discbarge  (the  mucous  portions 
should  bo  ohosGD  from  the  stools),  pus,  or,  better,  a  Bcniping 
from  the  wall  of  tho  abscess,  diluted,  if  necessary,  with  a  little 
warm  (37°  C.)  phyaiological  salt  solution,  ia  placed  on  a  slide, 
covered  with  a  cover-glass,  and  examined  microscopically  with  a 
}  or  ^  inch  objective.  The  amcebre  will  be  readily  recognized, 
and  may  be  examined  more  critically  with  a  ^'a-inch  oil-immer- 
aion.  To  be  certain  that  the  bodies  are  amoebae,  the  amoeboid 
movements  must  be  observed  by  keeping  the  preparation  on  a 
warm  stage. 
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The  stools  should  bo  fresh,  anniixed  with  urine,  collected 
in  a  warmed  bed-pan,  and  kept  at  blood  heat  until  Gxamined, 
which  should  be  done  as  soon  as  possible, 

2.  The  livhtg  ama»bie  in  the  stools  may  be  stained  by  the 
irrifj^ntion  method  with  a  weak  (^-1  per  cent.)  aqueous  solution  of 
neutral  red,  Pretmratiims  may  also  be  stained  by  irrigation  with 
methylene  blue  and  ISoalo's  cartuino ;  the  latter  stains  the  nucleus, 
the  former  does  not.  The  preparati.m  may  be  rendered  permanent 
by  washing  away  the  excess  of  stain,  and  running  in  some  50  per 
cent.  1,'lycorin  by  irrigation. 

8.  Zorn  recommends  the  (ollowint^  method  for  preparing 
stained  and  permanent  preparations  :  A  few  cubic  centimeters  of 
faeces  are  mixed  with  three  or  four  A'olumes  of  a  solution  coasisbing 
of  fifteen  parts  of  1  per  cent,  solution  of  chromic  acid  and  three 
parta  of  1  per  cent,  solution  of  osmic  acid.  The  mixture  is 
shaken  thoroughly,  and  after  ten  minutes  is  ceutrifuged.  The 
sediment  is  then  mixed  with  five  volumes  of  a  25  per  cent,  solu- 
tion of  Beale's  carmine,  allowed  to  stand  fur  half  an  hour  and 
again  centrifuged.  The  sediment  is  then  washed  in  a  weak,  rose- 
coloured  solution  of  the  same  carmine,  and  mounted  in  glycerin, 
or  first  dehydrated  and  then  mounted  in  balsam. 

Twort '  recommends  the  following  method  for  staining 
sections : 

To  prepare  the  stain  make  up  half-saturated  watery  solutions 
of  neutral  red  and  of  Griibler's  light  green,  using  distilled  water. 
Place  the  neutral  red  solution  in  a  large  open  vessel,  and  add  to 
it  sufficient  light  green  solution  to  combine  with  the  neutral  red  ; 
the  compound  will  form  a  precipitate.  It  is  better  not  to  have  an 
excess  of  either  stain,  as  the  precipitate  is  difficult  to  wash.  When 
the  neutralisation  point  is  reached,  the  water  will  contain  a  small 
quantity  of  both  dyes  in  solution,  giving  it  a  dark  appearance. 
The  presence  of  both  stains  in  solution  can  be  easily  tested  by 
spotting  a  drop  of  the  filtrate  on  to  blotting-paper ;  thi5  will 
spread  out,  leaving  a  light  red  central  zone  and  a  faint  green  outer 
zone. 

To  collect  the  precipitate,  it  is  better  not  to  filter,  for  the  stain 
soon  blocks  the  pores  of  the  filter-paper.     If  the  solutions  are 

'  Communicated  to  the  writer  by  Br.  Twort. 
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warmed  to  abont  80°-40°  G.  before  mixing,  the  precipitate  will 
form  large  sticky  masses,  some  of  which,  containing  air-bubbles, 
float  to  the  surface  and  can  be  removed  with  a  spatula.  The  rest 
settle  and  stick  to  the  bottom  and  sides  of  the  vessel,  and  can  be 
collected  after  pouring  off  the  fluid.  The  precipitate  so  collected 
is  rinsed  in  distilled  water  and  dried  at  87°  G.  In  this  state  it 
forms  dark  greenish  masses,  insoluble  in  water,  somewhat  soluble 
in  ethyl  alcohol,  but  soluble  to  a  greater  extent  in  methyl  alcohol, 
and  especially  so  if  6  per  cent,  of  glycerin  is  added. 

To  make  up  the  stain  for  use,  it  is  best  to  pound  up  about 
0*25  gram  of  the  stain  with  some  clean  sharp  sand ;  this  pre- 
vents the  stain  going  into  a  sticky  mass  when  the  alcohol  is 
added.  To  the  powder  so  obtained  is  now  added  some  purest 
methyl  alcohol  (Merck's),  acetone-free,  containing  5  per  cent,  by 
volume  of  glycerin.  Pound  up  well  to  obtain  a  saturated 
solution ;  then  poiur  off  and  add  a  further  quantity  of  alcohol- 
glycerin  solution,  and  repeat  the  pounding  ;  about  100  c.c.  stain 
can  be  made  from  the  quantity  given. 

The  alcohol-glycerin  mixture  dissolves  about  0*1  per  cent,  of 
the  stain,  but  it  is  always  better  to  work  with  an  excess  of  the 
powder  when  grinding  up,  or  it  is  very  difficult  to  obtain  a 
saturated  solution* 

The  solution,  when  filtered,  should  be  kept  in  a  good  stoppered 
bottle  (and  if  a  completely  saturated  solution  has  been  obtained 
add  10  per  cent,  more  alcohol-glycerin  mixture). 

Tissues  to  be  examined  should  be  fixed  in  Miilier's  fluid  con- 
taining 10  per  cent,  of  formalin,  but  on  no  account  should  10  per 
cent,  formalin  be  used.  Imbed  tissues  in  parafBn,  fix  sections  on 
slides,  remove  paraflSn  by  xylol.  Remove  xylol  with  absolute 
alcohol,  and  place  in  distilled  water. 

Now  stain  for  about  five  minutes  with  the  stain  made  up 
by  mixing  one  part  of  distilled  water  with  two  parts  of  the 
glycerin-alcohol  stain  solution.  Sometimes  in  staining  such 
organisms  as  glanders  ten  minutes  may  be  necessary,  especially 
if  insufiicient  stain  is  in  solution  and  the  room  temperature  is 
low.     Rinse  in  distilled  water. 

Fix  for  half  to  one  minute  in  Unna's  glycerin-ether  mixture 
— 2  per  cent,  in  distilled  water.    Rinse  in  distilled  water. 
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DifferGntiate  and  ilehytlrate  in  absolutfl alcohol.  Should  there 
bo  much  precipitaW,  this  can  I'asily  bo  removed  by  a  few  drops  of 
methyl  alcohol,  or  better  by  a  mixtur*a  of  e<]iial  parts  of  absolute 
alcohol  and  xylol ;  this  will  remove  aiiy  precipitate  without  over- 
decolorizii]*,'  tho  tiasuca  and  micro-orgauisnas,  which  ia  very  often 
the  case  if  inothyl  alcohol  ie  used.  Remove  ahsolutu  alcohol  with 
xylol,  and  moimt  in  Canada  balsam  in  the  usual  way. 

Provided  the  necessary  tissues  are  present,  stained  a&cfciona 
will  show  five  distinct  colours  : 

Purple  red,  presented  cbieHy  by  chromatin  of  nuclei.  A  very 
bright  red,  somewhat  tinged  orange,  shown  by  mucoid  and  colloid 
degenerations.  Orange  red,  shown  by  fetal  cartilage  and  other 
tissues.  Blue-greeD  colour,  taken  up  by  fibrous  tissue  &.c.  Light 
grass-green  colour,  shown  by  red  blood-cells,  &c.  Micro- 
organisms will  stain  bright  red  and  will  stand  out  in  marked 
contrast  to  the  green  connective  tissue  containing  them. 

Anhnal  parasites,  e.g.  amuiba;,  also  stain  well.  The  stain  has 
the  advantage  of  leaving  aU  the  tissues  sharply  diflereutiated. 
The  rod  does  not  diffuse  into  the  tissues  siaint^d  by  the  green,  nor 
the  green  diffuse  into  the  tissues  stained  by  the  red. 

Allusion  may  here  be  made  to  the  Mycetozoa  (Myxomycetes). 
These  are  masses  of  protoplasm  resembling  huge  amoebie,  which 
are  found  on  decaying  vegetable  matter.  By  some  they  are 
regarded  as  vegetable,  by  others  as  animal,  in  nature,  and 
belonging  to  the  Arnosba  of  the  Sarkodina.  Some  important 
plant  diseases,  such  as  the  *  finger  and  toe  '  of  cabbage  roots,  are 
due  to  their  activity.  The  finger-and-toe  disease  is  due  to  an 
amosboid  parasite  {PUumodiopiiora  brassiciB,  by  some  included 
among  the  ATtujcba)^  the  cycle  of  which  begins  with  spores  from 
which  small  llagelluhc  are  set  free.  Similar  organisms  have 
been  supposed  to  bo  present  in  cancer. 

Class  IL — Mastigophora. 

The    Mastigophora    are    protozoa    in    which    one  or  more 
permanent   organs   serving  for  locomotion   or  food-capture 
present  In  the  form  of  tiagella.    As  a  rule  the  body  is 
by  either  a  cuticle  or  a  differentiation  of  the  protophiBi 
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firmer  external  portion  or  periplast  One,  two,  or  more  flagellft 
may  be  present,  and  when  multiple  are  arranged  in  various  ways. 
Food-vacuoles  may  occur  in  the  protoplasm,  also  contractile 
vacuoles,  but  not  in  the  parasitic  forms.  Various  other  granules, 
including  chromatophoreSt  which  generally  contain  chlorophyl, 
may  be  present.  The  nuclear  apparatus  is  usually  double,  consist- 
ing of  a  large  principal  or  macro-nucleus,  and  a  small  or  micro- 
nucleus  or  blepharoplast ;  the  latter  is  not,  as  in  the  Infusoria, 
composed  of  generative  chromatin,  and  is  in  relation  with  the 
locomotor  apparatus.  An  undulating  membrane,  a  thin  proto- 
plasmic membrane  attached  to  one  aspect  of  the  body  like  a  dorsal 
fin,  may  be  present.    The  chief  parasitic  genera  are  : 

Trypanosoma  and  Trypanoplasma,  both  of  which  have  an 
undulating  membrane,  but  the  former  has  one  flagellum,  the 
latter  two  fiagella,  one  at  each  end  of  the  body,  but  both  starting 
from  the  blepharoplast. 

Herpetonumasj  like  TrypanosomOf  has  a  single  flagellum,  but 
no  undulating  membrane. 

Critkidia  has  a  pear-shaped  body  with  single  flagellum. 

Trichomonas^  also  somewhat  pear -shaped,  with  three  short 
fiagella  and  an  undulating  membrane. 

Trypanosoma. 

A  number  of  important  parasites  belong  to  this  group. 
All  of  them  have  great  morphological  similarity,  which 
renders  them  practically  indistinguishable  by  structural 
characters.  Trypanosomes  can  usually  be  differentiated 
into  three  forms — indifferent,  male,  and  female — which  in 
some  cases  may  all  occur  together,  but  only  become  fully 
differentiated  in  an  invertebrate  host.  The  males  are 
slender,  active,  only  slightly  granular,  and  with  an  elongated 
nucleus ;  the  females  are  bulky,  sluggish,  granular,  and 
have  a  rounded  nucleus ;  the  indifferent  forms  are  inter- 
mediate. The  males  usually  soon  die  off  unless  they  con- 
jugate ;  the  indifferents  are  more  hardy,  the  females  most 
80.      The  sexual  forms  conjugate  in  an  invertebrate  host. 


PLATE    XX. 


n.  Tbypanosoma  Bbucei. 
Smrar  or  Hi.oor*.      k   1500. 


b.   SpIROCDABTA    r  t     '  IS    (OnZRMKIEIU). 

Smbab  oy  Blooh.      n   1900. 
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but  if  the  males  have  died  off,  both  male  and  female  forms 
may  be  reproduced  from  the  females  by  a  procesB  of 
parthenogenesis. 

The  Tr.  Brucei  is  the  causative  parasite  of  nagana 
or  tsetse-fly  disease  of  horses  in  Africa.  It  is  a  some- 
what 8pindle-shai)ed,  wormlike  orgauinm,  the  posterior 
extremity  of  which  is  blunt,  while  the  anterior  one  tapers 
and  is  prolonged  into  a  long  wavy  flagellum.  Along  one 
sui'face  of  the  long  axis  of  the  body  a  dehcate  wavy  mem- 
brane is  present,  which  commences  at  the  blepharoplast 
and  is  continued  inti>  the  flagellum  {Plate  XX.,  a).  The 
organism  is  abundant  in  the  blood  of  the  peripheral  circula- 
tion and  of  the  organs.  In  the  fresh  blood  the  organism  is 
actively  motile,  moving  by  rapid  lashing  movements  of  the 
flagellum  (which  is  anterior),  by  wavy  movements  of  the 
membrane,  and  by  contractions  and  relaxations  of  the  body  ; 
it  can  also  move  with  the  blunt  end  forwards.  Near  the 
middle  of  the  parasite  is  a  large  body,  the  macronucleus, 
and  between  it  and  the  blunt  extremity  is  another  smaller 
body,  the  micronueleus  or  blepharoplast.  Near  this  is 
usually  a  vacuole,  and  the  protoplasm  is  more  or  loss 
granular.  The  size  of  the  organism  varies  in  different 
animals  and  at  different  stages  of  the  disease;  in  an  infected 
rat  it  measures  25-35  /x  in  length  and  about  2  /a  in  greatest 
diameter.  Reproduction  tukeH  pbu'o  by  longitudinal  divi- 
sion, possibly  also  by  transverse  division,  by  conjugation, 
and  by  the  formation  of  araa'boid  and  plasmodial  masses. 
Of  the  two  last  named,  the  ama?boid  forms  are  seen  in  the 
cerebral  capillaries  and  in  the  spleen,  the  plasmodia  only 
in  the  Hplnen.  Both  give  rise  to  the  typical  organism  by 
division,  which  may  bo  very  rapid.  The  Tr.  Brucei  can 
be  cultivated,  though  with  difliciilty,  on  rabbit-blood  agar 
— melted  sterile  agar  cooled  to  45"  C.  +  sterile  defilirinated 
rabbit's  blood  warmed  to  45"  C,  mixed,  and  albwed  to 
solidify  in  the  sloping  position  (Novy  and  McNeal). 


468 


MANUAL  OF   BACTKRTOLOGY 


h 


Nagana  is  met  with  in  large  tracts  of  country  in  Zulu- 
laud  and  WfJHt  Africa.  It  especially  attacks  the  equities — 
horse,  mule,  and  ass — in  which  it  is  ver}'  fatal.  The  animals 
become  anaemic  and  emaciatned,  there  is  a  discharge  from 
the  oy<3B  and  nose,  staring  coat,  swelling  of  the  legs  and 
neck,  and  fever.  The  animal  dies  two  to  six  weeks  after 
infection.  Oxen  are  also  attacked,  hut  a  small  proportion 
recover.  The  dog,  cat,  rahbit,  guinea-pig,  mouse,  and  rat 
may  he  infected  by  inoculation  with  the  fresh  blood  of  a 
diseased  animal.  The  disease  is  conveyed  through  the 
bites  of  a  tsetae-fly  (Glosslna  morsitans).  The  tr3'pano- 
some  is  believed  to  live  in  the  big  game,  from  whence  it  is 
transmitted  to  horses  entering  the  infected  localities.  The 
blood  loses  its  infective  properties  usually  within  twenty- 
four  hours  of  being  withdrawn. 

Hurra  attacks  horscB  in  Burma,  Mauritius,  and  the 
Philippines,  and  is  pathogenic  to  the  same  animals  as 
nagana,  and  in  the  blood  a  parasite  (7V.  Evansi)  similar 
to  that  in  nagana,  but  morti  active,  was  observed  by  Evans, 
Koch,  Nocard,  and  Rogers  regard  these  two  diseases  as 
identical,  and  surra  is  believed  to  be  spread  by  certain  biting 
flies,  Stoffiujuj.s  or  Tahanu.s* 

In  human  trypanosomiasis  and  sleeping  sickness  of  West 
and  Central  Africa,  a  trypanosome,  2V.  GamUiense  (fig.  56), 

seems  to  be  the  causative 
agent.  It  is  usually  pre- 
sent, though  scanty,  in  the 
blood,  but  can  be  found 
in  large  numbers  in  the 
Huid  aspirated  from  the 
enlarged  cervical  glands. 
In  the  later  stages,  when 
cerebral  symptoms  ensue,  it  is  found  in  the  cerebro- spinal 
fluid,  but  not  in  numbers,  centrifugalization  being  neces- 
sary in  order  to  demonstrate  the  parasites.  The  Tr,  Gam- 
biense  is  pathogenic  to  monkeys,  and  to  a  less  extent  to 
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white  rats  and  guinea-pigB.     It  appears  to  be  conveyed  by 
a  tsetse-fly  (G.^ut^/xi/is),  and  perhaps  by  other  biting  flies. 

The  tsetse  liies  (Glossina)  belong  to  ihe  house-fly  order 
(Muscidffi)  and  havo  a  general  roscniblance  to  a  honse-fly,  but 
when  at  rest  the  win^s  fold  completely  over  each  other.  The 
proboscis  ia  long  and  straight  and  the  wing  venation  is  charac- 
teristic, especially  the  foiirth  longitudinal  vein,  ■which  makes  two 
bonds.  Instead  of  la\ing  eggs,  the  female  extrudes  a  single  full- 
grown  larva.  They  are  confined  to  Africa  and  Arabia  ;  some 
nine  species  ace  known,  and  they  occur  in  the  vicinity  of  water 
on  the  edge  of  forest  land  ('  fly-belts ').  It  is  doubtful  if  any 
developmental  cycle  of  tht*  trypanosomo  takes  place  in  the  fly ; 
infpxition  is  probably  muiuly  one  of  direct  inoculation  (see  p.  if)9). 

Tr.  equinum  attacks  horses  in  South  America,  causing  weak- 
ness and  paresis  of  the  hindquarters  (*  mal  de  caderas  ').  Cattle 
are  immune,  most  other  animals  susceptible. 

Tr,  Tfu'iicn\  the  largest  trypanoaome  known  (50-60  fi  in 
lengib),  is  fouud  in  cattle  in  South  Africa^  and  is  not  pathogenic 
to  any  other  animal. 

Tr.  ditJiorphum  occurs  in  two  forms,  large  and  smolb  in  horses 
in  Africa.     Is  pathogenic  to  most  animala. 

Dotirinp,  a  venereal  dtfioaso  of  the  horse  met  with  in  North 
Africa,  Spain,  and  Hungary,  is  due  to  the  Tr.  e<juiptrduvi,  which 
is  conveyed  by  direct  contact,  and  is  mainly  confined  to  the 
lesions,  I>eing  scanty  in  the  blood.  It  is  pabhogonic  to  the 
ordinary  laboratory  animals. 

In  rats  a  non* pathogenic  trypanosome  was  found  by  Lewis 
(Tr,  Lewisi  or  samjuinis).  It  is  especially  met  with  in  sewer- 
rats,  but  also  occurs  in  field-rats  (Crookshank).  It  is  somewhat 
shorter  and  thinner  than  the  Tr.  Brucei,  and  there  are  other 
small  differences  between  the  two  forms.  With  the  exception  of 
rats  aud  mice,  and  to  a  less  extent  guinea-pigs,  other  animals 
cannot  bo  infected  with  the  Tr.  Lcmisi.  It  may  be  kept  ahvefor 
long  periods  in  the  blood  placed  in  a  refrigerator,  whereas  the 
Tr.  Brucei  soon  dies  under  the  same  conditions.  The  two  forma 
do  not  protect  against  each  other.  The  Tr.  /jcu'i^ns  readily  culti- 
vated OD  rabbit-blood  agar  and  is  probably  transmitted  by  a  lousf. 
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A  number  of  other  trypanosomea  have  been  fonnd  in  the 
jlower  animals,  birds,  fish,  reptiles,  and  amphibians.  A  large  and 
characteristic  one  is  generally  present  in  the  blood  of  the  eeL 

The  trypanosomes  are  usually  agglutinated  when  mixed  with 
the  serum  from  an  infected  animal. 

Examination. 

The  trypanosomes,  if  numerous,  are  readily  observed  in  the 
fresh  blood.  A  very  sbalbw  cell  may  be  formed  on  a  slide  by 
ringing  with  melted  paraffin.  For  stained  preparations  the 
Leishman  stain  (see  Malaria)  may  be  employed. 

Flimmer^  recommends  the  following  method  for  staining 
smears  of  trypanosomes  &o.  The  specimen  is  treated  while  wet 
and  before  drying : 

1.  Expose  a  cover-glass  to  the  vapour  of 

Osmic  acid,  1  per  cent.        .        .        .1  c.o. 
Glacial  acetic  acid       ....    8-5  drops 
for  two  minutes. 

2.  Place  a  drop  of  fresh  blood  in  one  corner  of  the  cover-glass, 
and  expose  again  to  the  vapour  for  thirty  seconds. 

8.  Spread  the  film  carefully,  and  expose  again  for  fifteen  to 
thirty  seconds  to  the  vapour  until  the  surface  appears  no  longer 
moist.  (The  film  will  not  be  really  dry,  and  can  be  easily 
smeared  off  the  glass  with  the  finger :  a  really  dry  film  will  be 
much  lighter  in  colour,  and  cannot  be  rubbed  off  with  the 
finger.) 

4.  Place  the  cover-glass  in  absolute  alcohol  for  ten  minutes. 

5.  Place  the  cover-glass  in  a  faintly  rose-coloured  solution  of 
permanganate  of  potash  for  one  minute.  (Two  or  three  drops  of 
a  1  per  cent,  solution  to  50  c.c.  of  water.) 

6.  Wash  in  water  for  five  minutes. 

7.  Stain  in  a  modified  Bomanowsky's  stain  made  by  mixing 
just  before  use — 

Azur  I.,  1  per  cent 1  o.c, 

Eosin,  B.A.,  1-1000 2  c.c. 

Water 8  c.c. 

for  fifteen  to  thirty  minutes. 

'  Proc,  Roy.  Soc.  Lond.  B.  IxxU.  p.  102, 1907. 
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8.  Wash. 

9.  Differentiate  in  orange- tanain,  thirty  aeconda. 

10,  Wash  well  and  drain. 

11,  Absolute  alcohol  for  a  few  seconds. 

12.  Alcohol-xylol    (in    proportion    of    2  :  8),  two   or    three 
changes. 

13.  Xylol,  and  mount. 

Instead  of  7  to  18,  any  other  method  of  staining  can  be  used, 
according  to  what  atractures  it  is  desired  particularly  to  show. 

Leish man-Donovan  Body  (Leishmania  Donovani). 

The  LeiHliman-Donovan  piiraeite  occurs  in  largenumhers 
in  the  spleen  and  liver,  also  in  the  lymphatic  glands,  lungs, 


Fia.  57. — a.  The  Lbibhxas- Donovan   Body,    b,  The  Flaoku^ted  Foru 

I>ET£LOPINO     EN     CiTHATED     BlOOD.        C,     SeVEK     PARAfllTEfl     IN     A     LABOB 

MoNONCCLEAR  Lbuooctte.     (Aitor  jASfEH,  pATTON,  aud  ROOEOS.) 

and  intestinal  Bubmucosa,  and  in  large  mononuclear  leuco- 
cytes and  endothelial  cells  in  Kala-Azar  or  tropical 
spleno-megaly.  The  bodies  are  small  (2-3  /i.),  round, 
ovoid,  or  oat-shaped  maeses  of  protoplasm,  apparently 
encapsuled,  and  contain  two  chromatin  masses — one  large 
and  oval,  staining  pale  red  with  Leishman's  stain  ;  the 
other  small  and  rod-shaped,  and  staining  deep  red  with 
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Leishman  (fig.  67,  a).  They  sometimes  occur  in  masses 
(fig.  57,  c).  Leishman  considered  them  to  be  degenerate 
trypanosomes.  Kogers,  however,  succeeded  in  cultivating 
them  in  citrated  blood  at  25°  C,  in  which  they  develop 
into  flagellated  forms  like  Herpetomonas  (fig.  67,  6).  The 
parasite  has  not  been  inoculated  into  animals,  and  it  is 
probably  transmitted  to  man  by  a  bug. 

The  bodies  are  well  shown  in  smears  stained  with  the 
Leishman  stain. 

In  Oriental  sore,  or  Delhi  boil,  a  parasite  practically 
identical  with  the  Leishman-Donovan  body  is  present,  but 
as  the  two  diseases  run  a  totally  different  course,  it  is 
probably  a  distinct  species. 

Spibochaet£. 

The  spirochaetes  are  delicate,  undulating,  or  somewhat 
spirillar,  filiform  parasites,  occurring  in  the  blood  of  man, 
mammals,  birds,  shell-fish,  &c.  The  filaments  taper  to  a  point  at 
the  ends,  are  flexible  and  motile,  coiUng  and  uncoiling,  are 
described  as  having  two  nuclear  masses,  and  some  possess  an  un- 
dulating membrane,  Hke  trypanosomes,  but  in  the  smaller  forms 
no  definite  structure  can  be  made  out.  They  are  now  generally 
regarded  as  protozoa,  but  some  still  consider  them  to  be  bacteria. 
Bacterial  cells  are  never  pointed,  nor  do  they  show  the  coiling 
movements  of  spirochaetes ;  motility  is  produced  by  flagella, 
which  are  abeent  from  spirochaetes  (statements  to  the  contrary 
are  due  to  errors  of  observation  and  technique),  and  periodicity  is 
not  exhibited  by  bacteria.  Spirochaetes  multiply  by  longitudinal 
fission,  while  fission  in  bacteria  is  transverse ;  they  react  in  some 
cases  to  drugs  (e.g.  atoxyl)  like  trypanosomes,  are  much  more 
sensitive  to  the  action  of  immune  sera  than  bacteria  are,  and  are 
transmitted  by  insects.  No  spirochaete  has  yet  been  cultivated. 
Spirochaete  infections  may  be  termed  *  spirochaetosis.* 
Schaudinn  believed  that  many  so-called  spirochaetes  may 
be  connected  with  the  trypanosomes.  In  S.  lylicatilis  he 
described  the  presence  of  a  thread-like  nucleus  and  of  chromidia, 
and  of  an  undulating  membrane,  but  flagella  are  absent.     In  the 
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little  owl  minufco  slender  trypanosomes  occur ;  these  later  penetrate 
leucQcytoa,  and  develop  into  relatively  very  lar^e  trypanosome 
forma  {which  havo  been  termed  Leucocytozoa),  Theae  intra- 
cnrpusciilar  forma  aro  male  and  female  gametocyfccs,  the  male 
I)eing  smaller  and  more  slender  than  the  female.  If  taken  into 
the  gnat's  stomach,  the  male  gametocytea  give  rise  to  eight 
microgametes  by  a  process  of  aporulation,  which  fertilize  the 
macrogamete,  and  the  resulting  zygote  ultimately  forms  by 
sponilfttion  an  immense  number  of  spirochaetes. 

In  the  case  of  a  llnlteridium  parasite  of  the  little  owl  [Athene 
iioctua)^  Schaudinn  claimed  to  have  shown  that  it  is  a  stage  of 
a  trypanoaoiue  (T.  tioctuce)  which  is  disseminated  by  the  common 
gnat.  Minute  indifferent,  male,  or  very  young  female  forms  being 
introduced  by  the  gnat's  bite  into  the  bird's  blood,  the  male 
forms  soon  die  out,  the  indilEcront  forms  multiply  and  dovolop 
into  male  and  female  types,  and  the  young  female  forma  grow  to 
maturity.  The  young  forms  attach  themselves  by  their  flagella 
to  chromocytes,  penetrate  them,  lose  their  flagollaand  membranes, 
and  become  HalteruHum  forms ;  after  six  days  the  parasite 
breaks  out  of  the  corpuscle  and  the  trypanosome  phase  once 
more  is  assumed,  and  this  alternation  recurs  again  and  again, 
the  trypanosome  forma  multiplying  by  fission,  and  the  young 
forms  entering  the  chromocytes.  These  observations  havo  not 
been  confirmed,  and  Novy  and  McNeal  believe  that  Schaudinn 
was  dealing  with  a  double  infection  of  both  a  trypanosome  and 
a  Halteridiumr  not  th»t  one  was  transformed  into  the  other. 


Spirochaeta  recurrentis  {Ohermeieri), — Found  in  the 
blood-plasma,  not  in  the  corpuscles,  in  relapsing  fever 
during  the  febrile  paroxysms.  It  is  very  slender  and 
delicate,  measuring  1*2-16  fi  in  length,  and  actively  motile. 
It  is  said  to  be  conveyed  by  the  bed-bug  or  by  pedieuli 
— but  this  is  uncertain — and  is  inoculable  into  monkeys, 
and,  less  readily,  into  rats.  It  has  not  been  cultivated 
(Plate  XX.,  6). 

It  is  not  unlikely  that  the  spirochaetes  of  relapsing 
fever  in  different  countriea  may  be  distinct  species. 
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Spirochaeta  Duttoni. — Found  in  the  blood-plasma  in 
African  relapfiing,  or  tick,  fever.  It  closely  resembles  the 
S.  recurrentis^  bat  is  more  readily  inoculable  into  rats, 
mice,  and  guinea-pigs,  and  the  one  does  not  protect  against 
the  other.      It  is  conveye<i  by  a  tick,  Ornithodorosmoubata, 

Blood  Bpirochaetes  have  been  found  in  many  animals, 
e.g.  cattle  (S.  Theileri)^  mice  {S.  muris),  fowls  <S.  galli- 
narum),  and  geese  (S.  anserina).  Spirochaetes  are  also 
presenfc  in  syphilis  (p.  53'2)  and  yaws  (p.  530),  in  ulcers, 
m  the  mouth  (p,  424),  and  in  "Vincent's  angina  (p,  272). 

Blood  smears  may  be  stained  with  Leishman's  stain. 

(On  Spirochaetosis,  see  Nuttall,  Journ.  Boy,  Inst, 
Public  Health,  xvi ,  1908,  p,  449.) 

Trichomonas  vaoikalis. 

This  parasite  is  found  in  the  acid  vaginal  mucua  in  60 
per  cent,  of  those  examined.  It  must  not  be  mistaken  for  a 
spermatozoon.  It  is  a  pear-shaped  body,  measuring  12  to 
30 /i  in  length,  and  from  the  blunt  end  three  flagella  nre  given  off. 

A  mucb  smaller  species,  T.  intesiitialis^  measuring  4  to  15  /a, 
has  been  met  with  in  the  intestinal  canal  of  man  in  conditions 
associated  with  diairhoaa. 

Class  III.— Infusoria  (Ciuata). 

The  Infusoria  are  protozoa  in  which  locomotive  organs 
consist  of  cilia  and  in  which  the  nuclear  apparatus  is  differentiated 
into  a  vegetative  mocronucleus  and  a  generative  micronucleus. 
The  cytoplasm  is  enclosed  v^ithin  a  cuticle,  an  oral  aperture  is 
present  in  the  form  of  a  slit  or  ])ore,  and  waste  matter  is 
extruded  by  a  pore,  constant  in  position,  but^  as  a  rule,  visible 
only  when  in  use.  A  contractile  vacuole  is  generally  present. 
Reproduction  usually  takes  place  by  fission  which  is  preceded  by 
division  of  the  two  nuclei,  the  mictonncleuB  by  mitosis,  the 
macronucleus  by  direct  division. 

The  Infusoria  are  not  of  much  pathological  importance,  brit 
are  common  in  ponds  and  ditches,  e.g.  Paramecium  and 
Voriicella, 
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Balantidium  (pakamecium)  colt. 

This  iB  an  intestinal  parasite  of  swine,  occasionally  met  with 
in  man  in  conditions  associated  with  chronic  diarrho&a  and 
dysentery. 

It  is  somewhat  ovoid  in  shape,  the  ends  being  bluntly  pointed, 
is  covered  with  cilia,  nieaaures  65  to  85  ju,  in  length,  and  has  a 
superficial   resemblance   to    the  ordinary 
Parajnecium, 

According  to  Saville  Kent^  the  Balan- 
tiditun  coli  is  to  lie  diatinguiBhed  from 
the  ordinary  forms  of  water  paramecia  by 
the  following  characters.  The  Bal.  coli 
is  somewhat  spindle-shaped  or  ovoid,  and 
bluntly  pointed  at  each  end^one  and  a  half 
to  twice  as  long  as  broad,  measuring 
^Ijf  inch  to  iJ^  inch  in  length;  the 
purameciura  is  more  cylindrical,  four  times 
as  long  as  broad,  measuring  j};^  ''^^^^  ^^ 
.\  inch  in  length.  The  oral  aperture  in 
Bal.  coli  is  near  one  extremity  (fig.  58) ; 
in  Paramecium  it  is  situated  at  about  the 
middle  of  the  ventral  surface.  In  Bal.  coli 
the  cilia  round  the  oral  aperture   are  as 

long  again  as  those  over  the  body  generally  ;   in  Paramecium  the 
whole  of  the  cilia  are  of  the  same  length. 

The  Bal.  coli  seems  undoubtedly  sometimes  to  be  a  cause  of 
dysentery.' 
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Examination  of  Flaqbllated  and  Ciluted  Foems. 

1.  These  may  be  examined  fresh  in  the  fiuid  in  which  they 
are  present,  by  mounting  on  a  slide,  and  covering  with  a  cover- 
glass,  one  edge  of  which  rests  on  a  bristle  to  avoid  pressure. 

2.  Permanent  mounts  may  bo  made  by  irrigating  with  Beale's 
carmine,  washing  the  stain  away  with  weak  glycerin,  and  mount- 
ing in  50  per  cent,  glycerin. 

'  Strong  and  Musgrave,  Johns  Hopkins  Hosp,  Bull,  xii.,  1901.  p 
Boieaa  oi  (lov.  Laboratories,  Manila,  Bull.  26.  1904. 
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8.  Cover-glasa  preparations  may  be  made  in  the  ordinary  way, 
and  the  films  stained  with  weak  carbol-fuchsin  or  Leisbman's 
atain.    (The  organisms  are  apt  to  be  distorted.) 

4.  The  following  method,  devised  by  Rousselet  {Jcnim.  QuekeU 
Microscop.  Club,  2nd  Series,  vi.  No.  86,  p.  5,  March  1895),  for 
preserving  rotatoria  may  be  tried.  In  those  forms  which  are 
non-c3ntractile,  kill  by  adding  a  drop  of  J  per  cent,  osmic  acid, 
wash  immediately  in  water,  and  preserve  in  2  j^  per  cent,  formalin. 
Contractile  forme  may  be  first  narcotized  by  adding  a  drop  or  two 
of  2  per  cent,  cocaine  solution,  then  killed  with  the  osmio  and 
preserved  as  befora 

Class  I V.  — Sporozoa. 

The  Sporozoa  are  exclusively  endoparasitic  protozoa,  the 
adult  without  organs  of  locomotion  or  for  the  capture  of  food, 
and  multiply  by  some  method  of  sporulation,  often  very  com- 
plex. A  parasite  during  the  nutritive  or  *  trophic '  phase,  when 
it  is  absorbing  nutriment  and  growing  at  the  expense  of  its 
host,  is  termed  a  trophozoite ;  when  it  is  mature  and  ready  for 
sporulation  it  is  termed  a  sporozoite*  The  spores  are  of  various 
kinds  and  may  develop  outside  the  body  or  in  a  second  host. 

Order  Coccidiidba. 

The  Coccidiidea,  with  a  single  exception,  are  intracellular 
during  the  trophic  stage,  and  present  a  dimorphism  or  alter- 
nation of  generations ;  the  one  is  endogenous  and  asporular, 
determining  the  reproduction  of  the  parasite  within  the  host,  the 
other  exogenous  and  sporular  and  permitting  of  infection. 

Coccidial  Disease  of  Babbits. 

This  is  a  disease  caused  by  a  sporozcon,  the  Coccidium 
oviforme  or  cimiculi,  and  often  met  with  in  warrens  and  hutches  ; 
in  some  of  the  former  as  many  as  90  per  cent,  of  the  animals 
may  be  affected.  The  young  animals  suflfer  most,  and  become 
infected  when  they  cease  to  suckle  and  commence  to  eat  green 
food,  the  adult  animal  as  a  rule  resisting  the  disease.  The 
affected  animals  waste,  suffer  from  enteritis,  and  a  large  proportion 


PLATE   XXI. 


a.    C0CC11>1U»    OVIFOKMK. 

Section  or  JUbuix'b  Livbb.      x  350. 


b.    HAI,T£hIMrH    i>AKILi:W8KTT. 

Su&LB  OP  Pioeon'b  Blood.      •    1500. 
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die  in  from  one  to  three  weekSf  the  conditioo  being  known  as  '  wet- 
anoiit '  ftiiiong  th*3  koepers.  The  paiiLsites  occur  in  the  intestine, 
hilo  rlncts,  ami  liver  in  large  numbers.  Each  parasite  is  ovoid  in 
shape,  measuring  36  /a  in  length  and  22  /i  in  breudthy  is  cncloBed 
m  a  firm  translucent  cyst,  which  encircles  a  very  f^ranular  proto- 
plasm. Souaetimes  thi3  protoplasm  becomes  condensed  so  as  to 
form  a  spherical  maas  lying  free  within  the  cyst  (fig.  59,  c). 
In  the  intestine  and  bile  ducts  the  parasites  are  attached 
to  the  epithelial  cells,  and  in  the  liver,  if  the  animal  lives 
beyond  the  acute  stage,  set  np  some  remarkable  changes.  The 
affected   liver  is   studded   with   greyish-white    nodules   varying 


Flo.  59.  — Ctft'c/ait/jf  ortFoaMK  or  Bxbbit  :    o,  Coccidivm  ATTAcneD  to  as 
Epithelui.  Cell.     6-j/,  HrAOEa  is  the  Lite-Cycle.     A.  Free  Spores. 


in  size  from  a  pin's  head  to  a  pea.  On  making  sections  and 
examining  them  iiiicroscopically,  it  is  fotmd  that  these  nodulea 
consist  of  dilated  bile  dncta  filled  with  a  much  hyperlrophied  and 
convoluted  mucous  membrane,  which  forma  branched  projections 
covered  with  cubical  epithelium,  among  which  the  parasites  occur 
in  great  numbers  (Plate  XXL,  a).  A  curious  fact  is  that 
subcutaneous  or  inti-avenous  inoculation,  or  inoculation  into  the 
liver  of  a  healthy  rabbit  with  the  coccidia  from  another  rabbit, 
fails  to  induce  the  disease. 

The  coccidium  baa  a  complicated  life-history,  and  infection 
only  aeoms  possible  in  one  of  the  stages.     In  order  to  study  the 
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life-cycle  the  parasite  must  be  placed  under  suitable  conditions, 
and  an  infusion  of  rabbits'  faeces,  kept  at  the  ordinary  tempera- 
ture,  is  perhaps  as  good  a  cultivating  medium  as  any,  the  changes 
being  watched  by  means  of  interlamellar  films.  When  the 
ooccidia  are  observed  under  these  conditions,  the  first  change  is 
apparently  the  formation  of  micro-  and  macro-gametes,  fusion  of 
these,  and  the  formation  of  a  zygote  or  oocyst  (fig.  69,  b).  The 
protoplasm  of  this  then  condenses  so  as  to  form  a  sphere  lying  free 
within  the  cyst  (o),  a  stage  sometimes  observed  in  the  animal. 
The  sphere  then  divides  into  four  smaller  spherules  (d).  Each 
spherule  becomes  elongated,  and  again  divides  into  two  some- 
what crescent-shaped  bodies,  around  each  pair  of  which  a  new, 
somewhat  spindle-shaped  capsule  forms  {e  and  /).  In  this 
condition  the  parasite  is  very  resistant,  and  may  remain  alive  for 
six  months,  undergoing  no  further  change  unless  introduced  into 
another  animal.  If  a  young  rabbit  swallows  with  its  food  these 
crescentic  spores,  the  enclosing  capsule  is  dissolved,  and  each 
crescent  becomes  a  rounded  amoeboid  mass,  and  this  again 
divides  up  into  many  crescentic  spores  (g  and  h).  These  spores 
are  apparently  motile,  and  enter  the  epithelial  ceils  of  the  intes- 
tine, gall  bladder,  and  bile  ducts,  where  a  process  of  growth  and 
differentiation  occurs,  and  the  fully  developed  parasite  is  ultimately 
reproduced. 

Coccidial  disease,  or,  as  it  is  sometimes  termed,  psoro- 
spermosis, is  occasionally  met  with  in  animals,  as  the  sheep,  and 
a  wasting  disease  of  young  pheasants  due  to  ooccidia  has  been 
described  by  McFadyean.^ 

In  man,  coccidial  disease  has  been  described  (but  rarely)  in 
the  liver,  gall  bladder,  ureter,  Ac.'-* 

Rixford  and  Gilchrist  ^  described  two  cases  of  protozoan 
infection  of  the  skin  and  organs,  accompanied  by  great  destruction 
of  tissue  and  ending  in  death.  The  organisms  were  spherical, 
7  to  27  /<  in  diameter,  surrounded  by  a  thick  capsule,  enclosing 
granular  bioplasm  (C  imviitis). 

The  Ruffer-Plimmer  bodies  of  cancer  were  at  one  time  believed 
to  be  coccidia  (p.  610). 

'  Joum.  Conip.  Path,  and  Therapeui.  1895. 

'  Joum.  Camp.  Path,  and  Bact.  1898,  June,  p.  171. 

'  Johns  Hopkins  Hosp.  Hepx.  i ,  1896,  p  209. 
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The  term  'psorospermosis'  has  been  applied  to  human 
infection  with  coccidium,  Sarcosporidia  (p.  499),  &c. 

Examination. 

1.  The  cocoidial  forms  are  readily  examined  in  thefreah  state. 
The  only  bodies  they  are  likely  to  be  mistaken  for  are  certain  ova. 

2.  Paraflin  sections  of  rabbit*s  liver  containing  coecidia  may 
be  stained  much  in  the  same  way  as  tuberoulous  tissues— viz. 
warm  carbol-fiichstn  ton  minutes,  decolorize  cautiously  in  5  per 
cent,  acid,  and  counter-stain  in  methylene  blue.  Sections  may 
also  be  stained  in  the  Ehrlich-Biondi  stain  for  one  to  two  hours. 

Order  Hjsmospokidia. 

The  general  characters  of  this  group  are  : 

1,  Life  at  the  expense  of  the  red  blood-corpaf^cles,  at  least 
during  a  portion  of  the  life-cycle. 

2.  Endogenous  multiplication  by  spores,  by  which  the  life- 
cycle  is  repeated  within  the  host. 

8.  Development  of  a  form  which  becomes  free  in  the  plasma, 
and  which  is  the  commencomDnt  of  a  sexual  cycle  to  bo  com- 
pleted in  a  second  host. 

4.  Inoculability,  but  only  from  one  animal  to  another  of  the 
same  species. 

The  group  includes  the  malaria  parasite  and  similar  parasites 
in  mammals  and  birds,  the  htemogregarines,  Drepanidium  of  the 
frog,  and  perhaps  the  Piroplasmata. 

Malabia. 

Malaria  is  caused  by  parasitic  protozoa,  placed  in  the 
genua  Plasmodium  (Htimamttha),  the  credit  of  the  dis- 
covery of  which  must  be  given  to  Laveron,  who  described 
the  parasite  as  occurring  in  four  phases,  viz. — ^(1)  spheri- 
cal bodies^  (2)  flagellated  bodies,  (3)  crescentic  bodies,  and 
(4)  segmented  or  rosette  bodies. 

The  parasites  cannot  be  cultivated,  but  inoculation  of 
healthy  individuals   with   the   blood  of  malarial  patients 
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reproduces  the  disease,  and  the  same  structures  or  parasites 
ixvii  Uiund  in  the  blood  of  tliese  infected  [wraona.  Inoculation 
experiiuenU  on  all  aninistlB  except  man  have  proved  negative, 
and  in  the  latter  the  inocaiation  must  be  intravenous. 

In  the  various  forms  of  malarial  fever  the  parasites 
have  the  same  general  charaeterH,  though  there  are  distinct 
differences  between  them,  by  whiub  they  can  be  recognized 
and  the  typo  of  fever  differentiated.  In  each  there  is  an 
end o- corporeal  cycle  witliin  the  host,  through  which  the 
recurrent  attacks  are  developed  ;  there  is  also  an  extra- 
corporeal cycle  of  development  outside  the  body  of  the 
host,  whereby  the  mfection  of  fresh  individuals  becomes 
l>ossible.     Each  of  these  cycles  needs  separate  description. 

If  the  blood  of  a  malarial  patient  is  examined  an  hour 
or  two  before,  or  at  the  very  commencement  of,  the  febrile 
paroxyHm,  the  paraKite  will  be  recognized  as  a  pale,  ili- 
deiined  mass  of  protoplasm  within  the  red  corpuscles,  of 
which  a  variable  proportion  are  infected,  the  size  of  the 
parasite  varying  in  the  different  types  of  fever.  When  some 
hours  old  a  variable  number  of  blackish  pigment  granules 
of  melanin  make  their  appearance.  These  subsequently 
coalesce  into  smaller  groups,  and  the  laLter  again  into  one 
or  two  larger,  more  or  less  centrally  disposed,  masses.  The 
parasites  exhibit  more  or  less  amudjuid  movement,  and  the 
melanin  granules  are  frequently  in  a  state  of  tremor.  Later 
on  most  of  the  parasites  (schizonts)  become  divided  into  a 
variable  number  of  segments,  which  separate  and  become 
spherical,  the  blood  corpuscle  broak^  down,  the  spherical 
bodies  or  spores  are  set  free,  and  a  certain  niunber  of 
them,  again  becoming  attached  to  red  corpuscles,  develop 
into  the  first  stage  of  the  parasite.  The  melanin  granules 
and  some  of  the  spores  are  ingested  by  phagocytes,  and 
the  melanin  is  deposited  in  the  spleen  and  Uver  for  a 
time. 

The    parasite,    termed    a  plastrwdium,   or    better   an 


-MArVlilA 


4^1 


ainwbula,  crmtains  a  vesicular  nucleuH  and  a  nurleolus, 
and  the  melanin  granules  are  present  in  the  surrounding 
protoplasm.  When  segmentation  occurs,  each  segment  con- 
tains a  portion  of  both  the  nucleolus  and  the  protoplasm. 
The  matiu'fttion  of  each  '  brood '  of  parasites  ifl  coincident 
with  a  fresh  paroxysm.  In  the  sub-tertian  forms  of  malarial 
fever  there  exist  in  the  hlood  for  some  time  after  the  sub- 
sidence of  the  acute  paroxysms  well-inajlced  utm-motile, 
crescentic  or  BauBage-shaj^ed  bo<He8,  with  rounded  ends, 
the  so-called  'crescentic  bodies  "  or  'crescentH' ;  their  long 
diameter  is  greater  (.t)  than  that  of  a  red  corpuscle,  their 
protoplasm  is  finely  granular  and  contains  at  about  the 
centre  several  well-marked  pigment  granules.  In  the 
crescentic  forms  the  extremities  of  the  crescent  often 
apjHjar  to  I>e  joined  by  a  delicjite  membrane  (tig.  ()5,  /andy ) ; 
this  is  the  remains  of  the  blood-corpuscle  in  which  the 
parasite  has  been  developed. 

When  A  *  wet '  specimen  of  malarial  blood  from  a  case 
of  pernicious  or  sub-tertian  malaria  is  kept  under  observa- 
tion (p.  492),  it  not  unfrequently  happens  that  after  a  time 
the  so-called  *  flagellated  bodies*  make  their  appeiirance. 
These  consist  of  a  central  protoplasmic  mass  attached  to 
which  are  from  one  to  six  delicate  flugella  measuring  20-30  fi 
in  length  (fig.  00,  c).  The  Hagella  are  actively  motile  and 
disturb  the  corpuscles,  but  the  body  itself  does  not  move 
mucli.  Frequently  one  or  more  of  the  tlagella  break  away 
and  swim  free,  remaining  active  for  several  hours.  The 
flagellated  bodies  are  never  seen  in  the  freshly  drawn  blood, 
and  Robs  has  found  that  Hagellntion  does  not  occur  if  the 
finger  be  pricked  through  a  spot  of  vaseline,  the  blood 
remaining  covered  with  the  film  of  grease.  Careful  obser- 
vation has  shown  that  the  flagellated  bodies  develop  from 
'  crescents '  in  sub-tertian  malaria,  and  from  rounded 
parasites,  difficult  to  distinguish  from  the  schizonts,  in  the 
benign  tertian  and  quartan  fevers. 

31 


482 


MANUAL  OK   UACTEIUOLOGY 


Various  thooriea  were  held  in  the  past  as  to  the 
nature  of  these  lia^ellat^d  bodies.  Through  the  brilliant 
researches  of  Ross,  which  have  been  confirmed  and  extended 
by  observers  in  all  parts  of  the  world,  it  is  now  known  that 
these  cells  are  sexual  elements.  The  flagellated  body 
represents  the  malo  cell  or  *  male  gametoeyte/  the  flagella 
{*  t:;amt)(.0H  *)  being  aiialogoiiH  to  the  spermatozoa  of  higher 
animals.  The  female  cells  or  female  gametocytes  or 
gamclGH  arc  non-flagollated,  and  are  fertilized  by  the 
entrance  of  one  of  the  dagella  of  a  male  gametocyle.     This 


^" 
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Via.  (10. — Dkvei.oi'Uknt  ok  thk   Mai-abia    Parahitk  ik  thk  Mosqcito  :   n,  b, 
ANi>r,  TiiK  Male  Gasiktocvte;  d,  «•,  ani>  /,  the  Femai-e  Gametoctte; 

/,      I'eitTIM/ATION     OK     TUC     FkMU.K    GaUKTOCTTE     BY    A     MiCnOOAHXTK. 

(Alter  Bobs  And  FieLi>iHo-OtTU>.) 

fertilization  takes  place  in  the  stomach  (middle  intestine) 
of  certain  species  of  viosquito,  and  after  fertilization  a 
series  of  changes  ensues  resulting  in  the  formation  of 
81)ore-like  bodies,  which  are  injected  when  the  insect  bites 
its  victim,  and  thus  the  infection  of  fresh  individuals  with 
the  malaria  parasite  takes  place.  The  first  dcmc^nfitration 
of  the  nature  of  *  flagellated  bodies '  was  given  by  Opie  and 
MacCallum  on  tlie  Haltoridium  parasite  of  pigeons,  and 
this  forms  a  good  example  of  tlie  value  of  abstract  research 
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to  practical  medicine  (see  p.  -194).  Ross  also  followed  the 
development  of  the  malaria-like  '  proteosoma  '  of  sparrows 
&c.  ill  the  mosquito  Gidex  fatlgans.  The  development 
of  the  malaria  paraBite  of  man  in  the  moBquito  lb  as 
followH,  according  to  Ross  and  Fieldins-Onld.^  It  is  not 
known  what  determines  whetlier  an  amii4mhi  will  become 
a  si^rocyte  or  a  gametocyte.  When  the  sexual  cells  or 
*  gametocytes '  are  ingested  with  tlie  hloud  by  tho  mosquito, 
they  pass  into  the  middle  intestine,  Willn'n  a  few 
minutes  the  corpuscles  enclosing  them  break  down,  the 
parasites  are  set  free,  and  quickly  become  spliHrical  or 
ovoid  (fig.  60,  c,  e,  and  f).  One  or  two  spherical  granules 
are  often  att;i(!hed  to  the  naked  parasites,  and  may  repre- 
sent polar  bodies  {fig.  <iO,  r  and  /).  Very  soon  the  male 
cells  become  (lagellatcd  (lig.  (50,  r),  and  before  lon*^  the 
flagella  or  *  microgametes '  break  away  from  the  parent 
cell  and  by  their  own  motility  make  their  way  through  the 
liquor  sanguinis.  Should  one  come  in  contact  with  a  female 
cell  or  '  macrogamete/  it  fuses  with  the  latter,  uniting 
with  the  nucleus  (fig.  (10,  /),  fertilisation  is  complot-ed, 
and  a  *  travelling  vermicule*  or  *ookinet'  results;  this 
passes  into  the  outer  wall  of  the  mosquito's  stomach,  where 
it  becomes  encysted  and  forms  a  'zygote'  (fig.  61,  a,  h). 
At  this  period  the  zygote  is  about  7-8  ^  in  diameter.  If 
development  proceeds,  it  acquires  a  distinct  capBule  and 
begins  to  grow  rapidly,  and  when  mature  at  the  end  of 
a  week  or  more,  according  to  the  temperature,  is  00  /i  in 
diameter  and  projects  into  the  body  cavity  of  the  insect 
(fig.  Gl,  b).  Its  substance  next  divides  into  eight  to  twelve 
portions,  or  *  zygotomeres,'  then  each  zygotomere  becomes 
a  spherical  body,  or  '  blastophore '  (fig.  61,  c),  and  each 
IdaHtfjphoro  develops  upnn  its  nurface  a  number  of  H|>indle- 
shaped,  radially  disposed  liodies,  or  *  zygotol^Iasts '  (fig,  61,  d). 
When    the    zygote    reaches    maturity    the     blastophores 

*  Thompson  Tales  Laloratvrits  Bejiort,  iii.  Pt.  ii.  LDOl.  p.  183. 
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disappear,  leaving  its  capHule  packed  with  large  nainliers 
(*  thouaands  *)  of  free  zygotoblasls.  The  capsule  then 
vuptiireH,  and  the  zyj;otoblaKls  are  poured  inio  the  body 
cavity  of  the  mosquito.  The  *  blasts '  meusure  12-10  /*  in 
length,  taper  at  each  extremity,  and  possess  a  central 
uuclens  (tig.  61,  e),  and  they  make  their  way  to  all  parts 


zm[simtm§jii- 
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Flu.  01.  — Develoi'Mknt  ok  tiik  Maij^hia  Pak-^sitk  is  tue  MoEQurro. 
(After  Robs  &nd  KiEiiinvo-ODLD.) 

of  the  body  of  the  host,  and  aecumuhLte  in  the  salivary 
or  poison  glaudB.  whence  tliey  are  discharged  by  the  middle 
stylet  (hyiK^jharynx)  of  the  pruboacis,  when  the  insect 
'  bites,'  into  the  circulation  of  a  fresh  vertebrate  boat. 
Here,  prtiHuniably,  tho  blasts  l>ecomo  attached  to  erythro- 
cytes and  develop  into  amcebulte.     The  diagram '  (fig.  62) 

'  This  figure  is  reproduced  by  pernifHsion  from  Duniela*  Laboratory 
Studies  in  Tropical  Medicine  (Bale,  Son  iV  Danielsson.  lllOS). 
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repiTseiits  in  graphic  form  the  aeexual  and  sexual  cycles 
of  reproduction  of  the  malaria  parasite. 

So  far  as  is  at  -present  known,  mahtrial  infection  is 
conveyed  only  through  the  bite  of  infected  mosquiioes 
of  the  sub-family  Anophelitue.  It  has  been  repeatedly 
proved  that  infected  mosquitoes  convey  infection,  and  that 
if  mosquitoes  he  excluded  human  beings  may  live  in  the 
most  malarious  dintrictB  without  contracting  the  diseaae. 


iOD' 


Flu.  62. — DiAUBAM  or  thk  AMCxrAi,  and  Hexcai*  Ckci*es  or  tuk 
Mai.\aia  Vakasitk. 

The  common  gnats  or  mosquitoes  {CtdicidiB)  belong  to  the 
genus  Ctilex  or  Stegomyta,  Those  of  the  Anophelirus  are  usually 
much  leas  abundant  (but  there  is  great  variation  in  diii'oront 
dlHtricts),  and  bite  mainly  at  night.  Tho  fomalcR  alono  are 
blood-suckers.  8ome  s|>Gciefl  breed  in  natural  collections  of 
.stagnant,  others  in  slowly  running  fresh  water  well  supplied  with 
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|is  of  vegetable  life.     If  tbo  head   of   a  inoaqtiito  be 

ith  »   band- lone,  three  gets   of   appendage  will  be 

n  the  middlG  is  the  atout  proboscis  containing  the 

|i(I  suctGrial  apparatus  ;  situated  at  tbe  batio  of  this  are 

oue  nn  oitber  slile,  and  outside  these  again  are  two 

fhicb  are  more  or  leas  hairy.     In  Anophelitia,  both 

lemale,  the  palpi  iifo  as  long  as  the  proboseia  ;  in  the 

Ilex  (also  in  Stegiwif/ia  and  many  other  genera)  bhey 

jnd  stumpy.     In  AtiopJielinm  the  acales  on  tbe  veins 

arD  usually  arranged  in  alternating  light  and  dark 

dng  a  speckled  or  dappled  appearauoe,  different  &a  a 

Luything  seen  in  Culex.     (Some  CwiitT-s  havea  similar 

Lt,  and  it  is  wanting  in  A.  77iaculipennis  and  bi/urailits^) 

ir  costal  margin  of  the  win^  in  AnOfkcUme  ia  almost 

wkai  with  dark  blotches.     Anopheles,  as  a  whole,  is  a 

Icr  insect  than  Ctdt'x,  and  when  at  rest  its  body  ia  all 

\  wliLn-t^as    (,V^/(M^  i>5  ani^nliir  or  huinpbackfid.     The 

ilM.'ciL'3  knf>wn  to  carry  malaria  are  Anopheles  jnaculi- 

iMiropfe,  N.  Africa,  and  N.  America,  A.  hijurcatus  in 

mufia  fftitesta  and  PfjrcU*ph.>ruii  eostalis  in  CentTal 
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(7.  MALAiti.\.     Pakabitk  ov  Benuin  Te&tun  Fk^kr. 
SuEAB  or  Blood.      -^  l&OO. 
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vittoat  aa  ftttock,  sad  reekowi^  thm  4tij  ol  Um  pnmow 
■tttfc,  an  Attach  oecors  ercty  KNurih  dnj,  bMW»  llU  ttUM 
'qmriui.*  It  coouiwdcqb  as  a  small  amwbiilA  vrhich  is 
SeeUymolfle.  It  enlarges,  beeomss  pigttenMI, anU  uiolili^ 
esasBB,  the  pigment  granules  being  uonMroos  and  <oari»« 
The  parasite  finallj  occupies  nearlj  the  wholo  of  the 
corpuscle,  which,  however,  is  hut  little  nhendd. 

Towards  the  end  of  the  apvrexia)  i^eriod  the  pignu^nt 
oollects  in  the  centre  and  segmentatiou  takeci  pluco  with 
the  fonuation  of  a  Aymnietririil  rosette  (f)  and  uftorAvardH  of 
sis  to  twelve  spores  (^/"),   The  t|«rtrlau  pHnustio  diH»H  iu»l  forui 


Fio.  63.— Thf  QiiAnriN  I'aiunitk  ;   ii,   It,  t\  tl,  AMiKmi-w;   o,  HrtiRniivtii  t 
fi.MxfM  G-AMKTiVYTi:.     (Altor  Ukkm.I 


crescents,  ami  iho  (lai^iilJiiiiHl  lfi»<ti()H  (h),  which  arit  rarely 
seen,  are  devolope^l  from  titr^o  ifi^Miioulu^l  ])araHilim. 

2.  Benign,  or  Sprintj,  Tertian  Fever  ffig,  <H, 
Plate  XXII. ,r/). — Tlie  heiiiK"  lortiaii  i^wrnnlU^iPlttHtfttuiium 
vivax)  conipIeteH  its  asexual  life  vyv.U^  m  forty-ei^hl.  hoiii'H, 
an  attack  occurring  every  olhor  day,  or,  reckoning  tlie  day 
of  the  previous  attm^k,  every  tliird  day.  In  tho  <iarly  HtaKu  il 
resembleH  the  quartan,  but  hIkjwh  much  ujure  a^rti  ve  anmdxjid 
movement.  The  pigment  grnnuleM  are  also  finer  than  in  thiv 
quartan,  and  incessantly  change  their  |xiMitiiin.  Tlut  irnrs' 
site  finally  invaden  the  whole  corpufk-l^,   whirh  }nf4itntum 
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the  unpigmented  quotidian  and  the  malignant  tertian,  but 
this  is  not  generally  ai^ceiited)  is  nnidi  siualter  than  the 
quartan  or  benign  tertian,  and  when  it  reaches  the  st^ige  of 
multiplication  it  disappears  from  the  peripheral  blond  and 
collectB  in  the  internal  organs,  spleen,  liver,  cerebral  capil- 
laries, and  bone-marrow.  It  is  actively  amceboid,  Beems 
to  change  its  position  within  the  corpuscle,  and  the  pig- 
ment granules  are  very  tine  in  the  young  parasites,  but 
early  aggregate  into  large  clumps.  The  fission  forms 
(d,  c)  are  only  met  with  in  the  internal  organs.  Multiple 
infection  oi  the  corpuscles  may  also  occur.  The  corpuscles 
often  suffer  severely  from  the  infection,  some  being 
shrivelled  and  spinous,  others  dark  in  colour,  *  brassy ' ; 
they  may  also  be  altered  or  destroyed  without  being 
actually  invaded  by  the  parasite.  It  is  in  this  form  that 
the  crescentic  bodies  appear  (/,  j).  These,  however,  are 
not  met  with  at  the  very  commencement  of  the  attack,  but 
appear  in  a  week  or  so,  and  may  not  disappear  until  some 
weeks  after  the  termination  of  the  attack.  This  parasite 
is  met  with  in  the  sub-tertian,  or  so-culled  mahgnaut,  types 
of  fever,  which  are  characterized  by  irregularity  of  the 
fever,  considerable  blood  destruction,  often  accompanied 
by  lui'Uioglobinuria,  and  cachexia  ;  cumu  is  another  com- 
plication  in  certain  instances,  probably  caused  by  massing 
of  the  parasiti^s  in  the  cerebral  capillaries. 

The  cure  of  malaria  by  quinine  is  regarded  as  being 
due  to  a  poisonous  action  on  the  parasites  analogous  to 
that  exerted  on  numerous  protozoa ;  amcelnt',  fur  example, 
being  injuriously  affected  by  ao  little  as  a  1-50,000  solution 
of  quinine  hydrochlorate. 

No  toxin  can  usually  be  demonstrated  in  the  blood  of 
those  suffering  from  a  malarial  attack,  but  Husenau  and 
his  co-workers  have  found  that  the  filtered  blood,  taken 
when  the  ttmperature  is  rising,  produces  a  mahiria-like 


paroxysm.' 


See  Hewlett,  toe.  cU.  p.  144. 
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A  malaria-like  pnrasite  (Pins.  Kochii)  occnrs  in  apes,  in  which 
it  produces  fever. 

The  nature  of  Blackwater  fover,  su  called  from  the  presence 
of  hfematuria  and  htemuglubinuriu,  has  given  rise  to  much  dis- 
coBsioQ.  Uy  some  it  is  considered  tu  be  a  disease  sui  generh^  of 
unknown  ii'tiology.  HyothLra  it  is  regarded  us  a  form  of  malaria, 
either  of  an  intense  type,  or  in  whicb  the  kidneys  are  especially 
involved,  or  as  due  to  malarial  infection  ylii^s  i[uininG.  It  may 
be  that  under  particular  conditions,  of  the  nature  of  which  we 
are  at  preaent  ignorant,  hn-molyains  may  he  set  free  and  cause 
h^enjolyaia,  the  blood  pigment  being  eliminated  by  the  kidneys.* 

Clisu'al.  Examination. 

The  blood  of  malarial  patients  may  be  examined  either  in  the 
nniiibained  or  stained  condition. 

Kramhmtitrn  in  the  unntainetl  r-ondUion. — The  finger  or  lobe 
of  the  ear  is  pricked,  and  a  droplet  of  bio  id  tivkon  up  on  a  clwin 
cover -pflass,  which  is  then  placed  upun  a  slide,  ao  that  the  droplet 
of  blood  spreads  out  into  n  thin  layor  between  the  two  glasses. 
The  cover-glass  may  then  be  ringed  with  oil  or  vaseline  to 
prevent  evaponUii>n.  A  little  practice  is  rG<|uired  to  judge  the 
right  quantity  of  blood.  The  preparation  should  be  examined 
with  a  I'g-inch  oil-immersion  lens. 

Examination  in  Ute  stairwd  condition.  To  pre^mre  stained 
specimens  the  finger  or  ear  is  pricked  as  Ixifore,  and  a  droplet  of 
blood  taken  up  on  a  cover-glass;  another  cover-glass  is  applied, 
and  tbo  two  are  separated  so  that  each  is  smeare^l  with  a  tbin 
film  of  blood;  several  are  prepared  in  this  tnanner.  Manson 
recommends  picking  up  a  droplet  of  blood  on  an  oblong  slip  of 
tine  clean  tissue  or  cigarette  papi-r.  The  charged  surface  of  the 
paper  is  then  applied  to  a  clean  glass  slide:  in  a  second  or  ao 
the  blood  will  have  formed  a  thin  film  between  the  slide  and  the 
tissue  paper.  The  latter  is  then  withdrawn,  leaving  a  very  thin 
film  on  the  glass,  and  may  be  applied  to  a  second  slide,  and,  in 
like  manner,  to  three  or  four  in  succession.  A  piece  of  gutta- 
percha tissue  may  be  similarly  used,  Or  a  droplet  of  blood  may 
be  picked  up  on  a  sHde  near  one  end,  and  the  edge  of  a 
'  See  Hewlett,  loc.  cit.  p.  145. 


second    ^J 
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slide  held  at  iin  angle  of  45"^  beiug  appliod  to  it,  the  blood  ia 
spread  hy  jtutihinif  ^^^  soc(mil  slide  over  the  tirsL  one,  ttr  the 
droplet  of  l)lood  on  &  Blide  may  be  spread  by  touching  it  with  a 
needle  held  flnt  on  the  slide  and  drawn  evenly  along  the  surface 
of  the  slide,  Whatevor  method  is  adopted,  the  fihu  is  allowed  to 
dry  ill  the  iiir,  and  may  then  be  fixed  (not  if  Loishman's  stain  is 
used)  by  heat,  preferably  at  llO"*  C.  for  one  bonr^  as  overheating 
ruins  the  preparations.  It  is  much  simpler  and  better  to  fix  in 
a  mixture  of  equal  parts  of  absolute  alcohol  and  ether  for  not 
less  than  ten  minutes,  preferably  for  half  an  hour ;  this  gives 
excellent  results.  In  hot  countries  a  saturated  solution  of  cor- 
rosive sublimate  may  be  used.  The  methods  detailed  at  p.  HI 
may  also  be  employed. 

As  re/i^ards  staining,  this  is  nsnally  mrrifd  out  with  Leish- 
man's  stain  (No.  18,  p.  9ii).  The  blood  iilms,  7i«/uv'//,  are 
flooded  with  a  few  drops  (6-10)  of  the  stain,  which  is  sprea^l  by 
tilting,  no  attempt  being  made  to  chock  evaporation.  After  half 
a  minute  about  d-)ubk'  the  quantity  of  distilled  water  is  added, 
allowed  to  mix  with  the  stain  on  the  lihii,  and  staining  is  con* 
tinned  for  five  or  in  some  cases  for  ten  minutes.  The  film  is 
then  washed  in  distilled  water,  some  of  the  water  allowo<1  to 
remain  on  the  fdm  fur  one  minuter  and  it  is  then  dried  and 
mounted.     Jenner's  blood  stain  may  be  similarty  used. 

Staining  may  also  l)e  dime  in  a  half-saturated  a«]ueous  solu- 
tion of  methylene  blue  or  in  Loffler's  blue  for  half  an  hour, 
washing  in  water^  and  counter-staining  with  a  very  weak  eosin 
solution  for  a  few  seconds,  washing,  drying,  and  mounting. 
Manson  recommends  treating  the  films  with  very  weak  acetic 
acid — 2  or  3  drops  to  the  ounce  of  water  to  wash  out  the  hitmo- 
glubin,  and,  after  wastiing,  staining  in  the  following  solution  for 
half  a  minute: 


Borax   . 

MethyloriB  blue 
Water  . 


5  parts 

0-5  part 
100  parts 


washing,  drying,  and  mounting  in  xylol  balsam. 

Hitmatuxyliu  (Ehrlich'a,  or  Mayer's  bjemalum)  is  preferable 
for  permanent  preparations,  and  in  hot  coimtrles,  where  metbylene 
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blue  rapidly  FhaIhs.   The  preparations  may  be  counterataiued  wil 
A  woak  Holulion  of  eosin. 

HoHS  reconiiiiendH  for  rapid  diagnosis  the  use  of  thick  blood 
films,  from  which  the  hti'ivioglobin  is  first  removed  with  very 
dilute  acetic  acid  ;  the  films  are  then  stained  with  Leishraan*a 
stain,  and  oxamintjd  with  a  ^ -inch  objective.  Practice  is  required 
for  this  method. 

In  ordur  to  demonstrate  the  lla;^^ellaled  organisms  Manson 
recommends  the  following  procedure  :  Thirty  or  forty  strips  of 
thick  blottin^^-pajier  {S  iiicboa  by  IJ  im:b),tiacb  bavinj^  an  oblong 
bnlo  (J  inch  by  f^  inch)  cut  lengthways  iti  the  centre,  are  prepared, 
moistened  with  wattir,  and  laid  on  a  sheet  of  wiiKiow-glasa,  A 
patient  in  selected  in  whosfv  blood  the  creflcantic  form  is  plentiful, 
and  ft  minute  droplet  of  the  lilooJ,  about  the  si/e  of  a  pin's  bead, 
is  expressed  from  a  prick.  A  clean  glide  is  then  breathed  on,  and 
the  droplet  of  blood  picked  up  on  it  and  spread  out  with  a  needle 
so  as  to  cover  an  area  |  inch  by  ^  inch.  The  slide  is  immediately 
inverted  over  a  blotting-paper  cell  and  pressed  down  sufiiciently 
to  secure  perfect  apposition.  The  reni  of  the  paper  cells  are 
similarly  covered  witb  blood-charged  ylides.  In  from  balC  to 
three  t|uartc;r8  of  an  hour  the  slideH  are  removed  and  dried  by 
g4}DtIu  warming,  and  then  fixed  wiih  absolute  alcohol  for  five 
minutes.  The  alcohol  is  uliowcd  to  evaporate,  and  the  films  are 
treated  with  a  fow  tlrops  of  15  percent,  acetic  acid  to  dissolve  out 
the  htemoglobin.  The  slides  are  then  washed  in  water  and 
stained  with  weak  carbol  fiichsin  (iiO  per  cent.)  for  six  to  eight 
hours,  washed  in  watur,  dried,  ami  mounted. 

N.IS. —  Negative  resnlls  in  the  examination  for  the  malaria 
parasite  must  be  accepted  with  catitioTi  unless  repeated.  A  single 
undoubted  parasite  is  sufEcieut  to  establi^^h  the  diagnosis.  Quinine 
causes  the  disappearance  of  the  pani^ite,  The  parasites  in  the 
sLtb-Lertian  fever  disapjiear  duiing  the  apyrexial  intervals  (except 
the  crescents),  and  are  most  likely  to  bo  found  at  the  couimence- 
raent  of  the  attack — i.e.  when  the  temperature  is  rising.  The 
parasites  of  the  other  forms  are  larger  and  more  obvious  during 
the  apyrexial  intervals. 

[For  fiirllier  partiouUrs  on  Malarin   nnd  on  tlio  denionstralion  of  the 
mulsria  puraaite,  !>ec  Daniels'   Laboratory  Htudies  in    Tropical  Mediciitf, 
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S}n.  Proieosovta  GTassiij  Hfemafmrba  rclicta. 

This  parasite  (commonly  called  '  protGosoina  ')  is  met  with  in 
sparrows  and  other  birds,  in  which  it  inwides  the  red  blood- 
corpuscles,  and  hfts  many  fiimilarifctes  with  the  malarial  parasite 
of  man.  In  its  youngest  stage  it  occurs  as  a  round,  clear, 
refractive,  non-amoeboid  granule,  not  unlike  a  vacuole.  As  the 
orgauiain  grows  pigment  granules  appsai* ;  these  alter  the 
IK)3ition  they  occupy  from  time  to  time,  it  becomes  irregular  in 
shape,  and  probably  slow  amceboid  movement  occurs,  though 
this  is  not  obsorvable.  At  first  situated  in  miy  ptirfc  of  the 
corpuscle,  it  finally  comes  fco  occupy  ono  or  other  extremity,  and 
as  it  enlargt'8  the  nucleus  of  the  corpuscle  boeomos  dislocated. 
Lastly,  the  parasite  assumes  an  approximately  Kpherical  shape, 
the  pij^ment  collects  in  the  centre,  segmentation  occurs,  and 
a  *  rosette '  forms ;  it  then  divides  into  five  to  twenty  portions. 
ull  of  which  Ijecome  spherical.  Tbe  corpuscle  disintegrates, 
these  bodies  or  'spores'  are  set  free,  probably  again  become 
attached  to  fresh  corpuscles,  and  the  cycle  is  ropesitcd.  In 
same  apecimens  of  blood  tiagellated  male  gametueyt^s  make 
their  appearance,  similar  to  those  of  raalaria,  the  Hagella  break 
away  from  the  main  mass,  fertilise  other  non-flagellated  or 
female  cells,  and  a  series  of  changes  ennufs  analogous  to  those 
occurring  in  the  malarial  parasite  (p.  48M).  The  fertilization  and 
development  of  the  fertilized  cell  take  place  in  the  stomach  of  a 
mosquito  (C iilez  fatifjans)  which  has  sucked  the  blood  of  a  bird 
containing  the  ptirasites,  and  subseijuently^  when  this  moacjuito 
bites  an  uninfected  bird,  the  infection  is  transmitted. 


Haltbridium  Danilkwbkyi. 

This  is  an  elongatf»d,  curved  parasite  (also  known  as  Hteino- 
proteus  or  Hiemavurha  Danileivskyi)  found  in  the  red  corpuscles 
of  certain  birds  (pigeon,  crow,  &c.),  and  embracing  the  nucleus 
(Plate  XXL,  b).  By  some  it  is  included  among  the  malaria-like 
parasites  (Plasmofiium).  At  an  early  stage  it  much  resembles 
the  proteosoma,  but  as  it  grows  it  becomes  elongated,  pigment 
granules    appear,    and     are     either   scattered    tbrougbout    the 
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protoplasm  or  collect  in  two  groups,  one  at  each  extremity. 
Finftll}\  the  parasite  occupits  nearly  tho  whole  of  the  corpuscle, 
dislocating  its  nucleus.  The  fully  grown  parasites  may  he 
did'orentiat^  into  two  forms,  one  of  which  renmins  almost 
complett'ly  unstained  when  treated  with  methylene  bhie.  the 
other  Htahiinj;;  iloeply  with  this  dye  (Opio).  When  the  blood  is 
vvilhdniwu.  tho  corpuscles  disiutegrate  and  liberate  the  con- 
tained parasites,  which  assume  a  circular  outline,  and  a  certain 
number  become  Hagellabed.  It  is  only  the  uon-stainifi^  form 
which  berotnfs  flittjcUated.  These  two  varieties  of  tho  parasite 
are  the  male  and  female  cells  respectively,  and  the  fertihzation 
of  the  female  ceil  by  a  free  flagellum  has  been  actually  observed 
by  MacCallum.'  It  can  hardly  bo  doubted  that  the  devolopment 
of  the  fertilized  cells  takes  placo  in  some  iusecl,  Imt  the  detlailive 
host  has  not  yet  l>een  discovered  with  cirtainty. 

The  presence  of  these  ijarasiteti  induces  rise  of  fceniporaturc, 
deposition  of  melanin,  and  changes  in,  and  enlargement  of,  the 
spleen  and  livt't-  amilogous  lo  those  occurring  in  malaria  in  man. 
The  HalferuUnvi  parasite,  according  to  Schaudinn,  is  a  stage  in 
the  life-cycle  of  a  trypanoaome  (see  p.  478). 

The  PiKorriASMATA." 

Syn.  Vyrosoma,  Babesia. 

The  Piroplasmata  form  a  somewhat  anomalous  group,  but  are 
usually  included  in  the  HieuRsporidia  of  the  Sporozoa.  They 
differ  from  tho  Plasvuufia  by  not  jx^ssessing  pigment,  by  tho 
micleoUis  not  fragmenting,  by  dixision  into  two  nr  four  only,  and 
by  the  frequency  of  extra-corpuscular  forms.  They  cause  many 
diseases  in  animals,  are  conveyed  by  ticks,  but  are  unknown  in 
man.  (A  piroplasma  was  described  as  the  causative  organism  of 
Rocky  Mountain  spotted  fever  by  Wilson  and  Chowniug,  but 
the  observations  appear  to  be  erroneous.)  The  body  of  a 
piroplasma  is  typically  pear-shaped,  but  rounde<l  and  rod  forms 
occur.    Two  nuclear  masses  are  present,  one  larger  than  the  other. 

'  Joum.  Expcr.  Med,  iii.,  1898,  pp.  79,  108.  117. 

'  See  Hewlett,  Tmns.  XTV,  Intemat.  Cong,  of  Hjfgifne,  Berlin,  ii.,  1908, 
y,  14{> ;  ilinchin  in  AIIllU^'fl  System  of  Med,  Ed.  2,  vol.  ii.  Ft.  2,  p.  8ti. 
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The  dovelopmental  evoI<i  Jn  the  ticks  has  not  been  worked 
out,  but  Koch  lias  observed  poculiar  rayed  forms  with  P.  bige- 
minumy  and  Christopher's'  various  developmontal  forms  with 
P.  cattis.  Miyajima  states  that  a  piroplasma  of  Japanese  cattle 
(apparently  P.  parvum)  in  blood  broth  develops  into  typical 
trypanosome  forms.* 

Piroplasvia  bigeminum.— This  is  tbo  panisite  of  the  well- 
known  Tuxaa  fever  of  cattlo,  a  disoaao  which  is  charactori?.ed  by 
fever,  emaciation,  anrrmia,  htcmoglobinuria,  and  onlargeraent  of 
the  liver  and  spleen. 


do 


Fio.  IM>. — PiHOFtAsxA  stoKMiJYVM.    (Aft«r  Cblli.) 

The  di^^ease  cansea  considerable  loss  among  cattle,  and  is  met 
with  in  \'iirioiis  parts  of  the  world,  America,  Australia,  South 
Africa,  Molaya,  the  Pbilippinea,  the  Koman  Campagna,  Greece, 
Rounmnia,  and  N(trth  Ireland. 

In  the  acute  type  of  the  disease  a  small  proportion  (1-5  per 
cent.)  of  the  red  corpuscles  in  the  i>eriphoral  circulation  contain 
pairs  of  pyriform  bodies  2—1  ft  in  length  and  1-5-2  ^i  in  largest 
diameter.  One  end  of  each  body  is  rounded,  and  the  body  gradu- 
ally tapers  to  a  point  at  the  other  end,  and  the  pair  lie  close 
together,  their  tapering  ends  directed  towards  each  other.  A  dark 
spherical  body  is  present  at  tbe  rounded    end  of  the  parasite 

'  BriL  Med.  Joum.  1907.  i.  p.  7fi. 

»  Philippine  Journ.  nf  Scimce^  ii.,  1907.  p.  83. 
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Some  of  the  youn^r  parasitos  exhibit  amoeboid  muvemcnts 
wheu  llio  blood  ia  exiinnuod  on  n  warm  sta^e  (fig.  66,  a,  b,  c). 
In  the  intornal  or*?iinf*  the  parrtsitea  aro  moro  numerous :  in  the 
kidney  and  liver  10  25  per  cent,  of  the  corpuscles  contAin  them, 
in  tho  heart-muscle  50  per  ci'nt.  In  the  mild  type  6-50  per  cent, 
of  the  corpuscles  in  the  circulntinp;  blood  may  be  infected  at  one 
time  or  another,  and  the  paranite  appears  in  some  cases  as  a 
coocug-like  body  at  the  periphery  of  the  corpuscle.  This  appears 
to  become  enlarj^'ed  and  spinilb-Rhipe:!,  then  to  taper  in  the 
middle,  divide,  and  so  ^ive  rise  to  tho  pyrifonn  bodies.  Occa- 
sionally minute  free  coccoid  bodies  are  seen  in  the  plasma,  and 
at  times  two  to  five  minnto  (0*5  //)  coocnid  cells  are  present  in  the 
rod  c'tdla  (fig.  66,  ^').  After  doatli  the  pyrifonn  bodies  seem  to 
becr>nio  Mphcrical  or  an^ailar  (fi*;.  GG,  (J). 

Soxuallv  "lifVeronfciatcd  gametes  art*  n)t  known  with  certainty, 
but  flagellated  forms  have  been  described. 

The  diaeaee  is  transmitted  through  the  bites  of  ticks  (lihipi- 
ccphalus  annulatuSf  R.  unsfralis),  Tho  female  tick,  after  biting 
an  infected  ox  and  sucking  its  blood,  falls  olT  and  lays  its  eggs  ; 
the  eggs  hatch  in  two  to  six  weeks'  time,  and  the  daughter  ticks 
transmit  tho  disease  to  other  animals  through  their  bites.'  Tho 
disease  maybe  to  some  extent  controlled  by  pniphylju:  tic  measures 
designed  to  dpstmy  the  ticks,  and  to  prevent  infection  thereby. 

A  partial  immunity  is  enjoyed  after  an  attack  of  the  disease, 
but  by  repeated  attacks  tho  immunity  may  be  rendered  absolute. 
By  inoculation  with  the  blood  of  an  affected  animal  in  which  the 
fever  has  subsided,  a  transient  illness  in  the  inoculated  animal  is 
produced  together  with  partial  immunityj  and  by  a  second  or  third 
inoculation  the  immunity  may  be  much  increased.  The  mortality 
from  such  a  procedure  amounts  to  3-5  per  cent,* 

P.  parvum  causes  Rhodesiau  red-wnter  of  cattle.  It  is  not 
directly  inoculable,  and  Is  conveyed  by  the  tick  R.  appendicttiatus, 

P.  equi  causes  biliary  fever  in  horsea. 

P.  canis  causes  epidemic  jaundice  in  dogs  (Plate  XXJIL,  6).  It 
is  conveyed  by  the  ticks  Hamaphysalis  Icachi  in  South  Africa, 

'  See  Smith  and  Eilbornc,  Texas  or  Soutfi^m  Cattle  Fever,  United 
Hlates  Dep.  AKricult.  Hull.  No.  1, 189S. 

'  See  TiiUwoll,  lit'iiurt  on  Protixiive  Inoculation  against  Tick  Fevir, 
New  South  Wales,  Dcp.  Pub.  Health,  i.  189S:  ii.  1900. 
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a.  Malaiha.     a  TEitTi.\N  '  Kosettk. 
Smear  or  Blood,     k  1500. 


5.    PlHOPI.ASSIA    C\XIK. 

Smxab  or  Blood,      x  1500. 
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JR.  xan/jKinerts  in  India,  and  Dermncrutor  reiicukitus  \n  Europe.' 
(On  Ticks,  see  Nuttail,  Journ.  Boy,  Inst,  of  Public  IleaUh, 
xvi..  1908,  p.  386.) 

H^MOGREOAHINA. 

The  htciuot^rcgarioes  are  nnpigraeiitetl  puraaites,  nofc  amc^boid, 
typically  hiiving  an  eloni^ated  bo<ly  or  vermicule,  occurrin*:^  in  the 
bloody  mostly  in  coldblooded  vcrtt»brfttes,  but  several  species  have 
of  Iftto  bpen  fonud  in  niiimuials  (do^,  jerl^oa,  palm  squirrel), 
though  not  in   m&n.     In   tho  dog,  the  pELrasite  {Leucocytozoon 


Fio.  67. — DitKrA^iDtUM  jujrjjirji.     (After  Celli.) 

catm)  occurs  as  an  elongated,  curved  or  doubled-up,  body  in  the 
polymorphonuclear  leucocytes.  It  is  encapsuled  and  contains  a 
single  gmmilar  nucleus.  Enoystiuent  with  sporulation  occurs 
iu  the  bonainarrow,  and  a  sexual  devolupment,  is  stated  to  occur 
in  a  tick. 

riffmofjregarina  (Drepanidium,  Lankesterelln)  ranarum  in- 
habits frogs  {Hatia  cacultnta)  and  possesses  both  an  intra-  and 
an  extra-corpuscular  phase.  In  the  former  the  parasite  com- 
mences as  an  elongated  gregarine-like  body  (fig.  67,  a  and  b)  which 

'  See  Nuttall  and  GrAbam-Smitb.  Jmim.  of  UygitJte^  iv.-viii..  1904-08. 
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in  si^e  until  Its  loiigth  ib  10-15  ft :  it  bhen  divides  Into 

small  or  a  few  large  ^yiiiTiog]>ore5.     In  the  first  case 

may  number  fifty,  are  3-5  /^  in  length,  occur  in  Mayor 

aro  exclusively  within  the  erythpocytes  ;  in  tho  latter 

IsporoPi  measure  G-B  fi  in  length,  are  fiva  to  fifteen  in 

[fi|^.  €7,   c  and   fJ),   and   dovelop   within  cells   in    the 

\mu^  organs.   The  exfcra-corpuscnjar  phase^  commencing 

corpuscle.^?,  ends  in  an  elonsjated  organism  possessing 

iar  movement,  and  free  in  the  plasma  {/)-  The  para- 
's not  (jnly  in   the  hloorl^  but  also  in  tbt*  cells  of  the 

'er,  nnd  bone-marrow,  and  has  also  been  met  with  in 
inal  tract.  By  transfusion  of  infected  blood  the  para- 
Ire  conveyed  from  one  frog  to  another,  hut  the  mode 
m  in  nature  and  in  what  definitive  host   its   life   in 

and  completed  are  unknown. 

[Ill  imd  Myernj  iTiveatii::at^'d  tlie  hfi- history  (if  a 
hull  fonnil  in  a  Rra/Jlian  t  »ad,  nnd  Wlieve  that  a 
[Ir  h  passed  iu  the  body  of  a  tick  infesting  the  toads. 


PftBKlNE  49» 

Ry  aHowing  each  moth  to  lay  its  eg^  sepuratoly,  and  siibfie- 
quently  examining  the  body  of  the  moth  microscopically,  he  was 
able  to  separate  the  healthy  from  the  diseased,  ami  the  eggs  of 
the  former  were  kept,  while  those  of  the  latter  were  destroyed. 
According  to  PfeifTer/  when  the  worms  eat  the  excreta  con- 
taiuin^  the  corpuscles  mentioned  above,  the&e  lose  their  capsule 
ami  form  larf^e  amtebmd  massea  which  penetrato  the  muscles 
and  lil(u>d-cnrpiiHcles.  The  amo^lioid  inas^ew  then  liecomo 
enciip.siilei!,  and  are  yellow  and  <»rani)lar.  Later  on  tho  bright 
ronndisli  corpuscles  form  within  ihom. 

Another  disease  of  silkworms  is  known  as  (lachcrie,  but  iH 
due  to  a  bacterium,  Micrococcu^'i  homhycis.  It  is  contagious,  and 
can  be  tmnamitted  by  inoculation. 

OkDEII    SARCOSrORIDIA, 

The  parasites  bDlonging  to  this  order  are  not  thoroughly 
worked  out,  Tlicy  complete  their  life-history  in  the  substance 
of  striated  muscnlar  fibres  :  such  are  the  well-known  Mieschor's 
corpnsclcs.  Few  instances  of  this  class  of  panisito  are  recorded 
in  man,  but  it  occurs  in  the  monkey.*  T.  Smith-'  describes  the 
characters  and  development  of  a  siiecies  found  in  mice. 

Addendum. 
With  re^'ard  to  the  transmission  of  try^Miuosomiases  by  tsetse 
Hies,  Koulmud  has  obtjervcd  that  immediately  after  the  tly  has 
fed  on  infected  bh^od,  its  proboscis  contains  actively  motile 
trypanoHomca,  which  soon  chanj^e  into  herpetomonas  forms  and 
the  parasites  undergo  considerable  multiplication,  Houbaud 
regards  this  development  as  a  temporary  culture,  and  the  power 
of  multiplying  was  found  to  be  a  specific  relation  between  the 
trypanosomes  and  the  tsetse.  These  observations  suggest  that 
pathogenic  trypanosomes  possess  a  specific  power  of  adapting 
themselves  to  the  salivary  secretion  of  the  tsetse,  and  thus 
explain  the  peculiar  relation  between  these  ilies  and  the  spread 
by  them  of  trypanosome  diseases.^ 

'  Zeifschr.  /.  Hy/j.  iii.,  1888.  p.  3. 

*  Dc  Kort*"'.  Journ,  of  Hygienr^  v.,  1905,  p.  451. 
'  Journ.  Kxjier.  MM.  ^^.  No.  I.  IHOl,  p.  1. 

•  Nature,  1908,  August  20,  p.  S72. 


SCARLET   FEVER 


601 


which  Klein  and  Power  came  to  were,  therefore,  that  scarlet 
ftiver  is  commuiiiciiblo  to,  and  tuay  oxiafc  in,  co\v8,  the  uiilk 
thereby  hecoming  infected  and  conveying  the  disease  to 
man,  and  that  a  streptococcuB  is  the  specific  infective  agent. 

The  Hendon  outbreak  was  reinvestigated  by  Axe  and 
Grookshank.*  Axe  found  that,  bo  far  from  there  being 
no  source  of  human  infection,  casen  of  scarlet  fever  had 
occurred  near  the  dairy  within  a  short  time  of  the  outbreak, 
and  the  eruptive  disease  of  tlie  cow  was  shown  by  Crook- 
shank  to  be  cow-pox,  while  the  so-called  streptococcus  of 
scarlet  fever  he  regarded  as  a  variety  of  the  S.  pyogenes. 
The  existence  of  bovine  scarlet  fever  is  entirely  discredited 
by  the  veterinary  profession,  both  here  and  on  the  Con- 
tinent. 

Gordon^  reinvestigated  the  bacteriology  of  scarlatina 
with  special  reference  to  the  Streptococcus  scarlaiiitte  or 
voiifjhymeratu.^  of  Klein.  He  found  that  this  organism 
differs  distinctly  in  its  cultural  characters  from  other 
varieties  of  streptococci,  and  thai  it  occurs  constantly  in 
the  mucous  secretion  on  the  surface  of  the  tonsils  and 
fauces  and  in  the  nasal,  but  not  in  the  aural,  discharge  in 
scarlatina.  It  is  also  present  in  a  somewhat  moditied  form 
in  the  blood  and  tissues  post  mortem.  It  was  not  found  in 
four  aou-Hcarlatinal  throats  examined.  Gordon  cont;luded 
therefore  that  the  S,  scarlatina  or  conglomeratus  ia  the 
'  specialized  and  essential  agent  *  of  scarlatina.  It  is  patho- 
genic to  mice. 

Cumpston*'  has  investigated  the  biological  characters 
of  101  streptococci  isolated  front  H(!arlet  fever,  ap[)ly(n^ 
Gordon's  tests  (p.  :illi).  The  majority  corresi>ond  with  the 
S.  l</7igu8  type. 


'  On  the  Uendou  onlbreak,  B«e  Tran».  Path.  Soe.  Lond.  1S8H  (Bef».) 
'^  (rt)  Hep,  Med.  Off.  /x>c.  Gov,  Board  for  1898-99.  p.  4S0;  (6)  Utid.  for 
lrt99-II»00.  p.  aft5. 

-*  Journ.  of  Ui/ij.vii.,  1907.  p.  390. 
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isky  and  Somnierfeld  ^  also  isolated  a  BtrepiococcuB 
klina,  but  were  unable  to  iind  ihiiit  it  bad  any 
'Q  cultural  cbaracterB. 

likewise  isolated  a  very  similar  organiBm  (Diplo- 
\arlatinw).    He  claims  that  it  is  probably  identical 

described  by  Baginaky  and  SommBrfeld.  The 
ledium  used  waa  glycerin  agar  with  5  per  cent*  of 
irth. 

'  iuvefltigated  the  characters  of  the  organism  of 

[e  deBcribes  it  aa  appearing  either  as  a  microcoecuB^ 

|us,  streptoeocGUB^  or  bacterium.    On  Lofller's  blood 

forms  a  whitiab  sticky  growth. 

sms  very  doubtful  if  streptococci  are  the  Betiological 

scarlet  fever ;  they  are  probably  secondary  infec- 

htri-     H  ifl  rt-murkable  how  freciuontly  diphtheria 

Itejj  sciU'liitina. 

Kry  has  detected  small  bodies^  2-7  ^  in  diameter, 

licately  but  sharply  willi  uit-tliyleiie  blue,  and 
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inoculation.  The  (liKwiKii  may  uBHiirae  two  forms,  either 
the  raging  or  the  paralytic.  The  latter  is  not  met  with 
in  man,  unless  certain  rare  forms  of  acute  ascending 
pjLralyHis  {(t.^,  Landry's)  he  nianifeslatiouB  of  it.  In  the 
dog  either  may  occm:.  but  in  rodents  the  paralytic  form  is 
almost  always  the  one  assumeJ.  In  man  the  incubation 
period  is  very  variable ;  it  is  never  less  than  about  twenty 
days,  and  possibly  may  he  as  long  as  two  years,  or  even 
more ;  the  average  seems  to  be  about  ten  weeks.  In  the 
rabbit,  after  inoculation  from  the  dog,  the  incubation 
period  is  about  two  to  three  weeks. 

The  virus  resides  in  the  central  nervous  system,  as  was 
shown  by  Pasteur.  Inoculation  with  emulsions  prepared 
from  the  medulla  and  with  the  saliva  conveys  the  disease, 
but  the  filtered  emulsions  are  usually  inactive,  and  the 
other  tissues  and  fluids  of  the  body,  excepting  the  lachry- 
mals and  suprarenals,  are  non-infective. 

Henilingor  '  has  found  (hat  after  very  complete  tritura- 
tion the  virus  may  pass  through  a  i>orcehiin  filter. 

No  micro-organism  has  been  demonstrated  with  cer- 
tibinty  in  rabies.  Negri  has  described  the  constant  presence 
of  structures,  the  Negri  bodies,  particularly  in  the  grey 
matter  of  tlie  hippocampus  major,  which  he  regards  as 
protozoa.  They  are  of  varying  size,  apparently  encapsuled, 
taking  a  homof^eneous  purphsh  colour  in  smears  stained 
with  eosin  and  methylene  blue,  the  smallest  spherical  and 
structureless,  larger  ones  with  a  central  granule  or  nucleus, 
the  largest,  round,  ovoid  or  elongated,  containing  several  (ae 
many  as  eight)  grannies  (tig.  68).  They  occur  abundantly 
in  animals  suffering  from  chronic  rabies,  but  in  the  acute 
type  are  scanty,  though  still  to  be  found;  in  'fixed 
virus'  (p.  505)  they  are  very  small.  Ko  conHtantlyare  the 
Negri   bodies  present  in  rabies,  and  absent  in  non-rabic 

'  Bull,  dt  riruL  PaxUur.  iv..  lOOl  p.  Ml. 
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ganglionic  cells,  which  become  shrunken  and  no  lon^^cr  fill 
the  eucloaiog  capsule,  and  their  nuclei  at  the  sauiD  time 
become  ill-detined  and  Htain  badly.  A  number  of  new- 
formed  (lellrt  also  ap|)ear  within  the  ganglionic  capsules. 
Bavenel  and  McCarthy  studied  twenty-oight  cases  of  rabies 
in  varinuH  animalH,  and  (MjnHider  that  theHO  cnpHular  and 
cellular  changes  in  tlie  ganglia,  taken  in  conjunction 
with  the  clinical  manifoBUitionw,  afford  a  rapid  and  trust- 
worthy means  of  diagnosis  of  rabies,  but  that  the  absence 
of  these  changes  does  not  necessarily  imply  that  rabies  is 
not  present.  They  also  consider  that  the  niluc  tubercle 
of  Babes  is  present  sufficiently  often  to  furnish  valuable 
absistance  in  cases  where  the  central  nervous  system  only 
is  obtainable.' 

Pa8t<5ur  showed  that  the  virus  could  be  attenuated  by 
desiccating  the  infective  nerve  matter,  and  in  this  way  was 
able  to  prepare  a  vaccine  which  would  protect  animals 
from  otherwise  fatal  doses  of  the  virus.  Advancing  a  step 
further,  he  used  his  vaccines  to  treat  individuals  who  had 
been  bitten  by  rabid  aniraalSj  but  in  whom  the  symptomH 
had  not  yet  developed,  and  so  inaugurated  the  present 
system  of  anti-rabic  inoculation  as  carried  out  at  the 
Pasteur  and  other  Institutes. 

To  prepare  the  anti-rabic  vaccines  a  rabbit  is  inoculated 
BubdLirally  with  an  emulsion  made  from  the  medulla  of 
a  rabid  dog.  When  the  animal  dies  a  second  rabbit  is 
similarly  inoculated  from  the  firtit,  and  the  passage  through 
rabbits  is  continued  until  a  'fixed  '  virus  is  obtained,  with 
which  the  first  symptoms  api^ear  on  the  seventh  or  eighth 
day,  and  which  kills  with  ct^rtainty  in  about  ten  days.  This 
having  been  attained,  two  or  three  rabbits  are  inoculated 
subdutally  every  day,  so  that  there  is  a  daily  supply  of 
animals  dead  of  the  disease.     The  spinal  cord  is  removed 

'  Hec  Jouru.  Comj^ar.  Pathol,  atui  Therapeut.  xiv.  Pt.  i.,  IIH)],  p.  HT. 
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;>titi  precautltms,  cut  into  convenient  segtnents^  and 
id  in  belUjars  contaming  a  layer  of  caustic  potash 
>ttoai,  whitili  serves  to  dt^eiccate  tliem.     The  jars 
d  and  preserved  in  glasB  eases  in  a  dark  room, 
L  constant  temperature  of  about  tiB^  C.     In  Paris 
ine  fluids  are  prepared  by  triturating  portions  of 
!  cordB  in  e^tertle  broth,  so  as  to  form  an  etnul- 
cm*  of   cord  in  5  c*c.  of   sterile  broth,  of   which 
e.  2  mm.  of  cord)  forms  a  single  dose.    At  the 
;ement  of  treatment  the  cords  which  have  been 

fourteen  days  are  used,  at  the  end  of  treatment 
ich  have  been  dried  for  only  thrcie  days ;  the  latter 
h  more  virulent^  and  would  communicate  the  dis- 
for  the  previous  treatment.    The  rabbitB  employed 

1  l)e  of  tht'  same  weight  ^"2^  kibiji^ramiues  in  Paris) ; 
(bits  are  email  a  wlightly  shorter  period  of  desicca- 
tht.'    i.'OvdK    wunld    be    nfifesaary-     The    treatment 

duration  awordin^  to  Uje  t^everitj  yf  the  case, 
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employed  at  Lille,  "2  mm.  of  cord  bein^;  umulaitled  in  5  c.c. 
of  sterile  broth  or  physiological  salt  solution : 


Ordinary  Thkatmext. 


OiLUINARY   TrE&TUBXT. 


Day  o( 
Trrrttmcnt. 

tluiiuf  Conl. 

Tn-fttineut.                              Uitii  ot  I'onl. 

1  (two 

a 

3 
4 

5  . 

6  . 

7  . 

injections) 

.  U  and  IH 
.  12  and  U 
.  10  and  9 
.     8  and  7 
.     0 
.     5 
.     4 

13  .         .         .         .3 

14  (two  injections)   .     H  and  H 

15  ...         .7  and  6 

16  .                           .5 

17  ....     4 

18  .                           .8 

H      . 
9  (two 
10 

11  . 

12  . 

in  jeo  lions} 

.     3 

.     S»  and  H 
.     7andG 
.    i> 
.     4 

Fob  Skveiik  BiTKa,  in  Addition. 

10  (two  injections)    .     7  and  6 
30              ..               .     5nnd4 
21     ,        .                 .3 

At  Bada-Pesfc  a  dilution  method  has  been  employed  ; 
instead  of  drying  the  wordtt,  an  emulsion  ih  made  with  the 
fresh  cord,  and  this  emulsion  ia  considerably  diluted  for 
the  earlier  doses,  dilutions  of  1  in  10,000  to  1  in  6000 
corresixtnding  to  cords  dried  for  from  fourteen  to  eight  days.' 

Undoubtedly  the  Pasteur  inoculatiouK  will  protect 
animals  from  rabies,  the  duration  of  imnninity  after  vac- 
cination in  the  dog  being  at  least  three  years.  In  man 
the  efficacy  of  the  treatment  can  only  be  judf^ed  by  statistics. 
The  mortality  after  bites  by  supposed  rabid  animals  is 
variously  stated,  the  most  favourable  being  about  16  per 
cent.  (Leblanc).  At  the  Pasteur  Institute,  Paris,  among 
2790  cases  treated  in  which  the  animal  which  indicted  the 
bites  was  proved  to  be  rabid  by  inoculation  experiments, 
nineteen  deaths  occurred,  a  mortality  of  0*7  per  cent.  In 
1905,  727  cases  were  treated,  with  8  deiiths  ;  in  190(>, 
772  cases,  with  1  de^th ;  in  1907,  780  cases,  with  iJ  deaths, 
being  mortalities  of  0'41,  0*13,  and  0*38  per  cent,  respec- 
tively. 

The  failure  of  the  treatment  may  be  due  to  two  causes : 
(1)  delay  in  its  commencement,  and  (*2)  a  short  incubation 

'  See  Ciiliot,  Journ.  Exp.  Med.  iv.,  IHIKI,  p,  1H2. 
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period.  The  principle  of  the  treatment  probably  depends 
upon  the  long  incubation  period  of  the  disease,  owing  to 
which  it  is  possible  to  forestall  the  disease  and  to  immunize 
the  body  by  the  inoculations  before  its  onset.  If,  unfortu- 
nately, the  infective  material  should  be  very  virulent,  and 
the  incubation  period  thereby  reduced  to  the  lower  limit, 
it  may  be  impossible  to  do  this  before  the  onset  of  the 
disease,  and  the  same  is  the  case  if  the  commencement  of 
the  treatment  be  delayed.  Pasteur's  system  of  inoculation 
is  useless  when  the  disease  has  declared  itself. 

By  vaccinating  animals  by  the  Pasteur  method  by  a 
long  series  of  injections,  and  with  the  most  virulent 
material,  the  blood  serum  acquires  *  anti-'  properties,  and 
this  '  anti-rabic '  serum  is  said  to  be  of  service  in  the  treat- 
ment of  the  declared  disease. 

Diagnosis  of  Rabies. 

In  a  case  of  suspected  rabies  in  a  dog,  the  animal  should  not 
be  killed  immediately,  but  should  be  kept  under  observation  for 
three  or  four  weeks  and  then  killed. 

1.  Moderately  thin  smears  on  slides  are  made  from  (a)  the 
cortex  in  the  region  of  the  lissure  of  Rolando  (the  crucial  sulcus 
in  the  dog),  (b)  the  hippocampus  major,  (c)  the  cerebellum.  They 
are  dried  in  the  air,  fixed  for  five  minutes  in  methyl  alcohol,  and 
then  stained  in  weak  Giemsa  (1  drop  stain,  1  c.c.  distilled  water  ; 
with  1  drop  of  1  per  cent,  potassium  carbonate  solution  to  every 
10  c.c.  of  the  dilute  stain)  for  three  hours.  The  stained  films  are 
then  washed  in  running  tap-water  for  one  to  three  minutes,  dried 
with  filter-paper,  and  examined  for  the  Negri  bodies. 

Or  the  moist  films  may  be  fixed  in  methyl  alcohol,  and 
without  drying  stiiined  for  one  minute  in  a  mixture  of  10  c.c. 
distilled  water,  3  drops  of  a  saturated  alcoholic  solution  of  basic 
fuchsin,  and  2  c.c.  of  Lofflcr's  methylene  blue.  Ec sin- methylene 
blue  mixtures  may  also  be  used. 

The  cytoplasm  of  the  bodies  stains  orange,  pink,  red,  or 
magenta,  the  central  nuclei  are  granular  and  appear  bluish  or 
purplish. 
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2.  If  the  Negri  brxiies  cnnnot  be  detected,  inoctilation  should 
be  performed.  The  brain  should  be  i*emoved  as  soon  as  possible, 
flnrl  if  it  cannot  be  manipulated  immediately,  should  be  placed  in 
sterile  glycerin.  From  the  luiddUi  of  the  iloor  of  the  fourth 
ventricle  a  small  piece  about  the  size  of  a  pea  is  removed;  this 
ia  triturated  and  thoronghly  emulsified  in  a  sterile  watcli-glass 
by  means  of  a  sterile  f^lnss  rod  with  a  Uulbnus  end,  a  little  sterile 
broth  \)0\nf;  iiseil  to  make  the  emnlrtiim,  iir\t\  .suftinient  lieing 
added  to  meaauro  about  10  c.c.  The  hair  on  the  hetwJ  of  a  good- 
sized  rabbit  18  cut  clofio,  the  animal  h  aniesthetized  with  ether, 
the  skin  on  the  scalp  reflected,  and  a  trephine  hole  made  through 
the  skull.  The  centre  of  tho  traphine  hole  should  he  in  the 
middle  line,  and  on  tiie  line  drawn  between  the  iHtstorior  corners 
of  the  eyes  ;  the  diameter  of  the  trephine  bein^'  about  ,\>  inch.  A 
little  of  the  emulsion  is  drawn  up  in  a  small  Byriuge,  having  a 
fine  needle,  and  two  or  three  drops  arc  injected  beneath  tlie  dura 
mater.  The  operation  is  carried  out  with  antitjeplie  precautious, 
the  wnnnd  closed,  and  a  little  wool  and  collodioE  dressing 
Hpplted. 

If  the  material  injcctiHl  hv  from  a  rabid  animal,  the  first 
symptoms  will  be  noticed  in  from  ten  to  fourteen  days.  Tfie 
inoculated  animal  losi  a  control  over  iis  fiJnd  lej^a  and  throws 
them  about  pocxdiarly  when  running.  This  increases,  and  in 
another  day  or  so  thr^  animal  is  apt  to  fall  when  runnino-,  and 
in  another  day  or  two  the  hinder  extremities  become  panilytic, 
and  the  animal  is  unaldo  to  move,  and  dies  shortly.  The 
onset  of  symptoms  is  hardly  ever  dohiyed  beyond  twenty-one 
days. 

Van  Gehiichten^s  Method. — The  ganglion  is  placed  in  absolute 
alcohol  for  twelve  hours,  the  alcohol  being  changed  once  ;  it  is 
then  embedded,  and  sections  are  cut  These  are  stained  for  live 
minutes  in  Missl's  methylene  blue  and  mounted.  Or  the  material 
may  be  fixed  in  10  per  cent,  formalin  before  staining.  The 
capsular  changes  are  best  shown  by  staining  with  hieraatoxylin 
and  eosin. 

Babes's  Method. — A  piece  of  the  medulla  or  cord  rs  hardened 
in  alcohol  and  stained  with  anitin  red,  and  sections  are 
prepared. 
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Malignant  Disease, 

[lalogiea   between   carcinoma  and    sarcoma  and 
itive  diseases  have  lead  investigatora  to  search 
organisms  in  these  conditions, 
years   ago    Sdieiierlein    isolated    a    bacilhis    in 
:arcinoraa,  hut  it  was  afterwards  shown  that  the 
fl'as  one  of  the   varietiBB  of  the  li.  mesGutericus. 
WAS  unable  to  isolate  any  hucterial  form  from 
disease*      Doyen   has    isolated    a    niicroeoecus 
mans,  p.  208),  but  his  results  are  not  accepted, 
;  impetus  was  gi\^en  to  the  study  of  parasites  in 
diseaae  by  the  publication  of  a  \M\teT  by  RusselL^ 
cd,  by  certain  methods  of  staining,  small  cor- 
hin  thi^^  epitlii^ial  eells.      They  were  sphericiil  in 
10  /i  in  diameter^  occurring  mnj^ly  or  in  frroups, 
enlly  ]iiiuiof:jeneou.s»  and  Hurriiitnded  liy  n  fa]>siile. 
ji^Mrdi-il   tlif^se     Htrut.-tiireH    as    Vjeloiii^nnj^^    to    the 
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of  the  ceHs  of  reproductive  tissue  (fig,  G9,  h).  Save  for  the 
presence  of  these  structures,  there  is  no  proof  thiit  protozoa 
are  present  in,  or  aro  the  cause  of,  carcinoma. 

Another  liypothesis  of  tlie  nature  of  malifpiant  disease 
is  that  it  is  duo  to  ii  hlnstumycctic  infection.  Sanfelice 
and  others  have  isolated  yeast-like  forms  which  on  inocu- 
lation apparently  pvoduriJ  malignant  growths.  Critical 
examination,  however,  nhows  that  these  growtfiB  are  granu- 
lomata  and  not  true  neoplasms.  The  same  may  be  said  of 
Washhourn's  so-called  infective  venereal  sarcomata  of  dogs. 

Malignant  disease  occurs  in  all  claBses  of  vert^^hrates, 
and  is  generally  inoculahle   on    an    animal    oE    the   same 


Flu,  i\X  —  a,  Hl'tPKfl'8  OR  ruWMKK'K  Bni>V  IN  a  C.vncbr  Cell  ; 
h.  TiiK  Aji»-iioi't,*sTu  Vksiclk  in  SrKitM\'nit  or  MonsK.  (After 
Fahmku,  Nfi>c>B.t:,  ami  Walkkr.) 

species  as  that  from  which  it  is  derived,  hut  not  on  other 
animals.  The  carcinoma  of  mice  has  been  the  subject  of 
much  investigation  of  late.  In  the  writer's  opinion  the 
trend  of  recent  research  is  to  show  that  malignant  (h'sease 
is  not  due  to  a  micro-parasite,  but  is  derived  from  the 
irresponsible  division  of  cells  of  the  normal  or  of  embryonic 
tissues.' 

The  molluscum  bodies  have  likewise  been  regarded  as 
parasitic  (coccidial)  in  nature,  l)Ut  with  them  also  inocula- 
tion and  cultivation  experiments  have  failed. 

'  For  further  information   consult    Pathology,  Qeneral    mid    Spteial, 
Ed.  2,  U.  T.  Hewlett  (Churchill.  1907). 
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EXA«:NATtON» 

^selVs  Bodiiis. — Treat  sections  as  follows  : 

nah  In  water. 

nin  for  ten  to  thirty  minutes  m  a  satamted  solution  of 

1  2  per  cent,  aqueoua  carbolic. 

ash  in  water  for  a  few  miuulos. 

jsolute  alcohol,  imlf  a  minute. 

le  parci^ot,  Holuliuu  of  iodlni^gceeuin  2porceot.  aiiueoiis 

ive  miiiutBB. 

^ebydrato  in  absolute  alcohol,  clear  in  oil  of  cloves,  and 

I'  Uiifftir-lHmrtu^r  Body.~ln  order  to  demonstrate  thia 
ipidly  growing  viseeTal  carcinoma  shiuld  preferably  be 
Fiecps   from    the   growing  edge  are  fix^  in  cirrosive 
y  (sftG  l*low)  (  r  Flcmminij's  poIhUotiv    Paraffin  ejections 
bu  stained  -vvitli  h;ruiLvti>syUn,  using  as  a  cantras^t  c  >Hin 
in;]fale,  or  with  the  Ehrlich-l^iamli  rengent,  or  with  anilin 

iifr  rcpoininends  tin'  following  procedurf^H  : 
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this  for  twenty-four  hours,  then  placed  in  70  per  cent,  alcohol 
tinged  with  iodine  (not  Tinct.  lodi  nor  Gram's  sohition),  then  in 
increasing  strengths  of  alcohol.  Staining  may  bo  carried  out 
with  the  Ehrlich-Biondi  mixture  (not  usually  satisfactory),  with 
a  concentrated  ai|ueou8  solution  of  thionino  blue  fifteen  to  twenty 
minutes,  dehydrating  with  acetone-alcnhol  (1  :  5),  and  pasaing 
IhruLigh  xylol;  or  with  Mayer's  hu'iualum  or  Heidenhain'a  iron 
hjL'niatoxylin  and  countor-staining  with  orange-rubin. 

Saufelice  recommends  fixing  in  any  ordinary  fixing  agent  to 
which  2  3  per  cent,  of  acetic  acid  ia  added,  waahing  well,  and 
hardening  in  increasing  strengths  of  alcohol.  The  sectiona  are 
stained  with  Ehrlich-Biondi  and  then  with  carbol-fuchsin  dihited 
with  three  times  its  vohiine  of  water.  After  staining  the  prepara- 
tion is  treated  with  a  mordant  such  as  oxalic  acid  or  diluied 
LugoVs  iodine  solution.  The  subsequent  dehydration  with  alcohol 
does  not  then  remove  the  Btain  from  the  parasite,  which  retains 
a  deep  violet  colour. 

Variola  and  Vaccinia, 

The  specific  contagla  of  these  two  diseases  have  not  yet 
been  discovered  with  certtunty. 

Variola  in  inoculable  on  man,  the  calf  and  the  monkey, 
vaccinia  on  the  rabbit  in  addition. 

A  liwge  number  of  obwervations  have  been  made  with 
vaccine  lymph,  but  no  distinctive  bacterium  has  been  ob- 
tained except  by  Klein  and  Copeman.  Usaally  the  ordinary 
pyo^^enic  organisms  and  many  Haprophytic  forms  cjin  alone 
l.>e  isolated.  Klein  observed  the  presence  of  a  bacillus  in 
vaccinia,  -whicli  was  subsequently  more  fully  studied  by 
Copeman.'  It  was  found  in  vaccine  vesicles  at  an  early 
st4ige,  but  at  maturation  could  no  longer  be  detected.  It 
is  u  very  fine  bacillus,  and  these  observers  were  unable  to 
cultivate  it.  SuljHeijuently  Copeman  fomid  a  similar 
organism  in  variola,  and  succeeded  in  cultivating  the 
bacillus  from  both  sources  in  eggs,  and  from  such  egg- 

'  Miiroy  Lectures  t»t  Vaccination,  1898. 
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was  able  to  inoculate  calves.     Klein '  by  storing 
rusts  in  50  per  cent,  frlycerin,  and  ho  getting;  rid  of 
tiph^tic  forms,  has  cultivated  an  organism  which 
1  the  Biicillus  alhus  variolte.     Morphologic»IIj  it 
es^mblea  the  bacillun  observed  in  vaceine  Ijmph  ; 

small,  white^  opiique,  coherent  colonies  on  agar, 
a  very  feebly  on  gelatin.     Involution  forms  occur, 
ems  to  belong  to  the  group  of  diphtheria  and  xerosis 
On  ijioculation  into  calves  some  approach  to,  but 
;al,  vaccinia  waa  produced.     Moreover,  the  iiiocu- 
ves  were  not  immune  to  subsecjuent  vaccination, 
i/^    bv   inoculating    collodion   capsules   filled  with 
Lli  with  glyceri^iated  vaccine  Ijmpb,  in  which  the 
us  organisms  had  died  out,  and  inserting  in  the 
d  Ciivily  (jf  nibbits,  obf>crvL^d  y.oo^liLii  massefe  miule 
difH  reri*3mbling  sijoreti  wliii-h   he  regards  as  the 
tjL^o  of  thtf  specific  microlie. 
iort*-  finds  that  the  vesit.dc?5,  both  in  variola  and  in 
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and  Riiffer  and  Pliinmer  in  this  country  described  some* 

what  KiiuiljLi'  appeiirances.  Riiffet*  and  Fliium«r  '  deHcHLe 
the  supposed  protoatKjn  as  a  binuil  round  body,  alxiut  8  fi  in 
diameter,  lying  within  a  clear  vacuole  in  the  protoplasm  of 
the  epithtiliul  cell. 

Councilman,  Magarth,  Brinkerhoflf,  Tyzzer,  and  Calkins ' 
in  America  have  found  tho  Guarnieri  body  in  variola  and 
vaccinia  in  man  and  animals^  and  regard  it  as  u  prutozoou 
and  the  causal  agent  of  these  diseases. 

Ogala  found  hodioH  wlnclt  ho  regards  as  parawifcic 
protozoa  and  the  causative  agent  of  the  disease  in  variolous 
and  vaccine  lymph.  Reed  likewise  observed  small  {^'ranular 
amcfihoid  Imdios  having  a  diameter  of  about  one-third  that 
of  a  red  blood-torpusclef  similar  apparently  to  those 
described  by  L,  Pfeiffer,  m  the  blood  of  vaccinated  children 
and  monkeys,  but  also  observed  them  — and  this  is  im- 
pitrtant — occasionally  in  the  blood  of  normal  children  and 
monkeys. 

Funck  ^  described  a  protozoan  parasite  as  occurring 
under  three  forms  :  (1)  round  refractije  green  botlies  2-10  /a 
in  diameter   exhibiting   movements  upon    a  warm  stage  ; 

(2)  ovoid  cells  with  lateral  nuclei  (epidermic  cells)  con- 
taining small  brilliant  green  spheres  1-3  /t  hi  diameter ; 

(3)  morula  bodies  25  ^  in  diameter:  these  are  cysts  full 
of  spores.  Similar  l>odies  are  seen  in  variolouB  pustules. 
Roger  and  Weil  *  describes  somewhat  similar  structures  in 
the  contents  of  the  variolous  ]>ustule.  Calmette  *  has  also 
observed  small  refractile  granules  in  lymph  and  has  failed 
to  cultivat-e  any  organism  froin  it.  The  monkey  and  raltbit 
are  both  susceptible  to  vaccinia  ;  in  the  latter  animal  the 

»  Brit.  Med.  Joum.  1894.  i.  p.  H12. 

»  Joum,  Med.  Hetearch.  xi.,  1904,  p.  173 ;  Philippiiw  Joum,  o/  .Scictwet 
l.  1W>6.  p.  239. 

»  iSrit.  Mt'd.  Juuni.  1901.  p.  448. 

•  La  Prtsac  M^dtaiU,  Nov.  28.  1900. 

*  Ann.  de  VTnat.  Vaai^ur,  xv.,  1901,  No.  3,  p.  161. 
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pustules  are  mature  on  the  third  day  and   immunity   is 
acquired  by  the  sixth  day. 

Ferroni  and  AfaH}:ari  state  that  appearances  similar  to 
those  described  by  Guarnieri  can  be  obtained  in  corneaB 
indamed  by  croton  oil  or  Indian  ink,  and  therefore  believe 
that  the  so-called  parasites  are  derived  from  the  nuclei  or 
from  emigrated  leucocytes.  Salmon  considers  that  the 
so-called  parasites  in  vaccinia  and  variola  are  more  or 
less  condensed  balls  of  chromatin  of  extra -epithelial  origin 
derived  from  the  migratory  polynuclear  leucocytes.  Accord- 
ing to  Von  Frowazch  these  cell  inclusions  (the  Guarnieri 
bodies  &c.)  in  this  and  other  conditions  (e.g.  scarlatina) 
are  not  parasites,  but  consist  of  plastin  and  nuclease  and 
are  derived  from  the  cells  in  which  they  occur. 

De  Korte  *  has  observed  in  the  variolous  and  vaccine 
vesicles  before  maturation  large  amceboid  bodies  (10  fi), 
which  he  believes  to  be  protozoa  (Sporiditim  vacciiiale). 
In  vaccine  lymph  refractile  motile  granules  occur  in  abun- 
dance, believed  by  De  Kort6  to  be  spores. 

The  relationship  of  vaccinia  to  variola  has  been  a  very 
vexed  question.  With  few  exceptions  (Ceely,  Hime,  Simp- 
son, Klein,  King,  Copeman),  attempts  to  inoculate  variola 
on  the  calf  have  failed.  In  the  successful  cases,  the  lymph 
obtained  from  the  calf  has,  on  inoculation  upon  children, 
produced  typical  vaccinia  without  any  untoward  results. 
The  positive  results  obtained  by  the  inoculation  of  variolous 
material  being  so  few,  a  doubt  arises  whether  in  these  cases 
there  may  not  have  been  some  fallacy,  such  as  accidental 
contamination  with  vaccinia.  Simpson,  however,  per- 
formed his  experiments  within  the  precincts  of  a  smallpox 
hospital  and  away  from  possible  vaccine  infection,  and 
Copeman  ^  found  that  variola  may  be  readily  inoculated 
M\)Oi\  monkeys,  and  after  several  passages  through  these 

'  Trans.  Path.  Soc.  Loud.  Ivi..  I'JOo.  p.  172. 

-'  Brit.  Med.  Jouni.  1901,  i.  p.  1134,  and  lUOl,  ii.  p.  1736. 
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animala  is  eaHily  inoculafile  upon  tho  calf.  He  suggests, 
thtnrefore,  that  vae<nriiii  ia  the.  caM  was  otigiually  due  to 
infection  with  inocufaied  smallpox,  8o  prevalent  at  the 
time  o!  -Tenner's  discovery.  A  somewhat  parallel  instance 
of  the  attenuation  of  a  vii'us  hy  passaj^e  throu^^li  another 
animal  ia  recorded  hy  Sticker  and  Mars  in  the  case  of  hird- 
pox,  which  produces  an  extensive  Biiiallpox-like  eruption  in 
fowls  and  pi^^eons.  In  fowlH  and  in  pigeons  tlie  virus 
retains  its  pathogenic  properties  for  eacJi  bird  unaltered  for 
any  uumher  of  inorulatious,  hut  the  pigeon  strain,  after  a 
few  inoculatiuns  into  fowls,  complcLely  loses  its  virulence 
for  the  latter.  There  seems  little  doubt,  therefore,  that 
vaccinia  ia  modified  variola^  and  the  rationale  of  vaccina- 
tion restH  upon  a  seientitic  hasis. 

The  preparation  of  vaccine  lymph  is  fully  Joscribed  by 
Blaxall.*  Calvea  are  vacciniUeil  with  lymph  under  astiptio  pre- 
cautions, and  fiv(»  days  lator  tho  conlentH  of  the  vpsiclefi  are 
acrapod  off,  tho  pulp  is  tritumtod  in  a  machine  ftnd  is  thui  ptjiccd 
in  six  tinifH  iia  weitrht  of  sterilizeil  50  pE?r  cnit.  pure  ^dycorlu  in 
disiilltnl  water,  nnd  stored  for  about  a  month  in  test-tiiben,  tmttl 
agar  cultivntionB  sbaw  that  extnineniia  bacteria  have  died  out, 
whon  it  is  issiU'd  for  use.  Tt  remains  very  nctivo  for  fifty  to  sixty 
dnya,  after  which  it  begins  to  deteriorate. 

Green-  nipidly  prei>j\re8  vaccine  lymph  by  killing;  off  the 
extraneous  or<:;atiisiii8  with  chloroform  vapour. 

'  Hep.  Mfd.  Ojr.  T.oe.  Oov.  Board  for  189&~99.  p.  35. 

»  Jbid.  for  1900-01.  p.  S39.  and  Proc.  Jloy.  Hoc.  Land,  1903. 
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CHAPTER   XX. 

DISEASES  AND  THEIR  CAUSATIVE  AGENTS — SOME  DISEASES  NOT 
PREVIOUHLY  REFERRED  TO  —  MICRO-ORGANISMS  OF  THE 
SKIN    AND    MUCOUS   MEMBRANES. 

Appendicitis. — The  following  table  ^  shows  the  usual  kinds 
and  relative  frequency  of  the  infections  in  appendicitis : 


Micro -orgvniam 


Bacillna  coli  in  pure  culture 

„  with  staphylococci 

„  „    streptococci 

Staphylococci  alone 

Streptococci         „ 

Other  organisms  or  combinations 


AcQte 
Appi'niltcitis 

Chronic 
AppeiHllcikift 

70  per  cent. 
15       „ 

7       „ 

4 

Very  rare. 

4  per  cent. 

90  per  cent 

,    6        „ 

'    Very  rare. 

I     1  per  cent. 

Very  rare. 

3  per  cont. 

It  is  not  improbable  that  in  a  still  greater  percentage  of  cases 
a  mixture  of  organisms  is  present  at  first,  the  Bacillus  coli  sub- 
sequently crowding  out  the  other  forms.  The  Bacillus  protem, 
B.  pi/ocyajieusj  and  //.  IVelchii  also  occasionally  occur. 

Castellaui  '^  describes  a  bacillus,  pathogenic  to  guinea-pigs, 
isolated  from  a  case  of  gangrenous  appendicitis.  Morphologically 
it  resembled  the  Shiga-Kruse  dysentery  bacillus  and  was  non- 
motile,  produced  acid  and  gas  in  glucose  and  maltose  and  curdled 
milk,  but  did  not  ferment  mannite,  lactose,  and  sucrose. 

BERi-nEKi. — Various  observers  have  attempted  to  cultivate 
a  micro-organism  in  this  disease.  Pekelharing  and  Winkler 
isolated   a   coccus   producing  a   white   growth   and   resembling 

'  Battle  and  Corner,  Diseases  of  tfie  Vervii/orm  Appendix,  1904. 
2  Brit.  Med.  Jonni.  1007.  ii.  p.  1518. 
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the  M,  j}}fo(jen4'Hy  var.  albiiSf  very  closely.  Hunter  *  obtained 
a  aimiliir  coccua  from  two  caaea.  Ho  deacribea  it  as  having  a 
'  very  active  motion/  staining  by  Gram'H  mothoil,  ppotJucing 
white  growths,  and  the  earlier  cultures  liquefying  gelatin  slowly. 
It  produceii  an  acid  reaction  and  formed  indole>  Some  rabbits 
inoculated  with  it  suffered  from  j^mreais,  and  the  nerves-  were 
found  lo  he  de^^enerated. 

A  (trani-posiiive  coccus  was  isolated  by  Okata  and  Kokubo 
from  the  blood  and  urine.  It  i^ivea  a  greyish-white,  {,'ranular 
moist  growth  on  agar,  a  nearly  clear  fiuid  with  sediment  in  broth, 
a  shining  grt'-yish- white  moist  luxuriant  growth  oo  serum,  on 
gelatin  a  somewhat  dolicate  whitish  growth,  afterwards  Ixicoming 
yellowish  without  li(|uotactionj  and  on  potato  a  light  yellow,  dry 
^owth.     Milk  is  not  curdled. 

Rost''  doflcriiied  a  small  motile  sporing  bacillus  which  he 
isolated  from  the  blood  and  cerebro-spinal  Huid  in  coses  of  beri- 
beri. The  organism  ia  also  present  in  rice,  and  can  l)o  cuUivatal 
in  rice-water,  ascitic  fluid,  or  on  blood  serum.  Inoculated  into 
fowls  it  produced  paresis  and  death. 

Hamilton  Wri;^'ht  suggests  that  the  disease  is  due  to  an  intoxi- 
cation the  result  of  a  gaatro-duodonal  infection  with  a  large 
Gratn-iKJsitive  bacillus  (unisolated).  Daniels  bcliovea  that  the 
epidemiology  o!  the  disease  is  best  explained  on  the  hypothesis 
of  a  pcoto/-oan  infection  conveyed  by  lice.  The  writer  and  De 
Kort6^  also  suggest  a  protozoan  infection,  the  organism  perhaps 
being  oli  ruinated  in  tbe  urine. 

Other  views  are  that  beri-beri  may  be  a  peripheral  neuritis 
due  to  arsonioal  poiaoning,  or  that  it  is  an  intoxication  produced 
by  bad  rice,  and  the  evidence  in  favour  of  the  latter  view  seems 
to  be  accumulating. 

Bkonchitis.— Ritchie*  concludes  that  acute  bronchitis  is  an 
infective  disease,  but  is  not  due  to  any  one  specific  organism, 
the  moijt  important  causal  bacteria  being  the  />.  pucumonia 
and  streptococci.     In  every  case  of  acute  bronchitis  numerous 

'  Layutt,  1897,  ii.  p.  240  (Bibliog.)- 

''  Iml.  Med.  Qaxette,  Dec.  1900,  p.  458.  and  July  1901.  p.  255. 

•  Jourw.  Trap.  Med,.  Oct.  I.  U*07,  p.  ai6. 

*  Joiirn.  I'alh.  and  liact,  vii.  No.  1,  p.  I. 
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ic  baeterift  are  present  in  the  bronchi,  which  are  usually 
health. 

csEj  Soft.— An  extremely  small  bftcillus,  first  described 
y,'  has  been  found  in  the  ulcers  and  buboes.     It  has  not 
iulated  successfully  on  animals,  but  can  be  inoculated 
lancrB,  experimentally,  from  man  to  mnn.     The  bacillus 
stain   by   Gram's  mefchad,  and  can  be  cultivated  on 
hr,  uD  which  it  forms  shining  greyish  colonies  1  mm. 
er,  or  in  guinea-pig  blood** 
NCTiviTr8,~Gonjunctjvitia  is  of  several  varieties  : 
:ute  Contagiom  CotijimciivUis,  due  to  the  Koch-Weeka 
This  is  a  slender,  non-motiJo  organinm,  1-1-5  ^  in  length, 
singly  or  in  pairs,  both  free  and  within  the  pus  cells, 
orized  by  Gram's  method  and  is  difficult  to  cultivate, 
«st  on  a  serum-agar  mixture,  on  which  it  forma  small, 
11,   transparent   colonien.     It   in   hardly   pftthogonic   to 
lut  in  man  sets  up  a  typical  aculu  conjunctivitis, 
n-onic    Caiarrhal   Cojjjitnctivitis,    duo    to    the  Morax- 
iiplo-badllus.    This  organism  is  2  ft  long  by  1  ft  broad, 
lined   by    Gram's    method,  and   can   bt    cultivated  on 
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DnRHH<KA  (Si'MsrEit)  OF  Inpants. — Booker  *  in  an  elabnrato 
paper  came  to  the  following  concluflions  :  '  No  ainglo  micro- 
or^Tinism  is  found  to  be  the  specific  exciter  of  the  sammer 
diarrhcpa  of  infanta,  liul  the  affection  is  generally  to  l»e  attri- 
Imted  to  the  activity  of  a  numlier  at  varietiea  of  hactoria,  sonio 
of  which  i«!long  to  wtill-known  specieB,  and  are  of  ordinary 
occurrence  and  wide  ilistrihufcion,  the  most  important  l>eing 
a  streptococcus  and  the  Froletbs  vulgaris,^ 

Le3ao;e  obtained  a  bacillus  from  the  *  green  diarrhd'a'  of 
infanta  which  Iip  believed  to  be  the  caufie  of  this  coniplaint. 
It  is  a  small,  motile,  nan-liquefying  bacilluH,  producing  on 
gelatin  a  whitish  expanded  growth  with  crenated  margins,  and 
giving  rise  to  a  green  fluorescence  in  the  medium. 

In  caHes  with  blooil  and  mucus  in  the  stools,  the  B.  {lysenifrue 
(Shiga-Kruse  type)  has  been  found  to  be  present  in  America  and 
in  this  country.  In  London,  Morgan  has  isolated  in  a  number 
of  cases  a  bacillus  which  in  its  fermentation  reactions  is  nearly 
allied  to  tb[3  ho<;-choleru  bacillus  (see  p.  B51). 

Thestinkinj^  motions  of  the  diarrhfoa  of  children  have  been 
ascribed  to  the  action  of  organisms  belonging  to  the  Proteus 
group,  particularly  B,  protem  (P.  vulgaris,  see  p.  597),  which 
occurs  in  putrefying  matter,  sewage,  and  in  the  intestine.  (This 
organism  may  also  cause  abscesses  and  cystitis,  and  a  form  of 
meat  poisoninLr  has  l>een  ascribed  to  its  action.)  Filtrates  of 
cultures  were  found  by  S.  Martin  to  produce  fall  of  temperature, 
collap.se,  and  diarrho-a  in  rabbits. 

DrsTEMrEK  OF  ]>oas, — According  to  (mlli- Valeria,^  this  is 
caused  by  a  liacillua  (B.  atnicitife)  intermediate  in  character 
between  the  coli-typhoid  and  hiemorrhagic  aepticitmia  groups  of 
organisms. 

DYRRN'TKRV.^It  must  DOW  be  admitted  that  dysentery  is  a 
tenn  applied  to  a  series  of  clinical  symptonis  associated  with 
colitis  which  is  due  to  different  specific  agents.  There  are  at 
least  two  forms  of  the  disease,  one,  the  so-called  tropical  or 
endemic  dysentery,  met  with  especially  in  the  East,  and  charac- 
terized by  chronicity,   a   tendency    to   relapses,   amenability 

*  Johfu  Hopkins  IJoap.  Repn,  vi.,  1897,  p.  159  (Hibltog.). 
«  Ceirfr./.  BakL  (Ref.).  xU..  1908,  p.  563. 
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with  ipecacuanha,  and  the  occiirreDce  ol  the  eiogle 
eaa  as  a  sequela;  tho  othei%  epidomic  dysentery,  met 
1  parLa  of  the  world,  purLicukrly  in  times  of  war  ami 
jt  amenable  to  ipecarCtmnba*  and  not  followed  by  Liver 
Tbere  are  alt^o  probably  other  forma  occurring  in  sms^.] 
or  aporndically.     With  rej^^ard   to  the  first  or  tropical 

thia  is  f^enerally  rogapded  as  being  due  to  the  Anurba 
i  ia  found   abundantly  in  tbe  stools,  especially  in  the 
^f  and  also  in  the  liver  absoessea  (see  p.  461). 
>  epidemic  dysentery  of  J^ipan  and  other  parts  of  the 
icilKia,  Of  group  of  bacilli,  has  been  isolate  by  Shiga, 
strong,  Krufio,  and  others.    This  ia  the  B.  difscnlerue 
at  p.  ^'^^l. 
l1  obgervers  have  isolated  from  cases   of  dysentery  a 

luiciJhis,     Cftlmette  in  Tonkin  isolateti  the  B.  p^o- 
iiirl  this  or^^anism  noeiiis  to  huve  been  the  cans©  af  a 
jrenk  in  New  York  State  investigated  by  Larti^au,^     In 
;^ala  Uokted  a  line  Grani-stainia^',  liijuefyiof?  bacillus 
es    not   Beein    to  have   been   met  witb  by  subsequent 
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cultures  uf  these  organiHinH.  with  or  freed  fnim  their  toxins,  seem, 
however,  to  produce  an  impetij^o  mther  than  oczeina.  But  the 
filtered  cultures,  i.e.  toxina,  are  hftrmful  to  the  skin^  and  when 
applied  to  it  for  one  or  two  days  by  means  of  moist  warm  pads 
a  typical  papular  or  vesicular  eczema  ensues.  Probably  in  the 
humau  subject  in  addition  to  the  micro-organisms  eorae  peculi- 
arity in  the  soil  is  necessary  for  the  diaease  to  develop.'  In 
so-called  seborrhoeic  eczema,  a  non-liquefying  micrococcus  which 
forms  butyric  acid  has  been  isolated. 

Impetigo, — The  large  vesiculo-buUous  eruption  of  impetigo 
oontatjiosa  is  caused  by  the  Streptococcus  ptjofjeties  ;  the  small 
puBtule  in  the  neighbourhood  of  hair  foUicieHi  im^>etign  of 
Hoekhart,  is  caused  by  the  3/.  pyognws^  var.  aureus.  The 
B.  diphtherue  may  also  cauHo  an  impetigo  (p.  250). 

Peviphigus.—A.  diplococcus  has  been  isolated  in  acute 
]wmphi«ju9  by  Demme,  and  in  the  chronic  form  by  DiLhnhardt. 
llulloch  *  and  llussell  Wells,"  in  this  coutitry,  seem  to  have 
isolated  an  identical  organism,  and  the  following  description  of 
it  is  taken  h-oxu  t!ieir  papers.  Cocci  0'8  to  1*5 /i  in  diameter, 
mostly  arranged  as  diplococci,  and  staining  by  Gram's  method. 
On  surface  agar  the  organism  foiTns  a  tliick,  white,  shining,'  growth. 
In  stab  a^ar  tlie  y:rowth  has  a  •  nail-shaped  '  appearance.  The 
colonies  on  agar  are  at  first  roand,  but  later,  in  seven  days,  they 
throw  out  lutt^ral  i>rojections  and  assume  a  rosette  appearance. 
Oil  gelatin  the  growth  is  slow  and  slight,  with  some,  but  not 
marked,  li(|iK'faction,  On  blood  serum  the  j;rowth  reseniblea 
that  on  agar.  On  potato  a  whitish,  semi -transparent  film  forms. 
Milk  is  curilk'd.  lu  broth  it  causes  a  general  turbidity,  with  a 
whitish  at'diiiu'nt,  and  sometimes  a  pellicle,  wliich  soon  sinks. 
(Ininfa-piga  and  mice  inoculated  or  vaccinated  with  the  organism 
died  in  four  to  eight  days,  tine  hiumorrhagea  occurring  in  the 
lungs,  ami  the  cocci  being  obtained  from  the  blood.  No  bullfe 
lippeared  on  the  skin.  The  }J.  pyocyanciis  may  cause  bullous 
eruptions  (see  p.  216). 

'  Gftlloway.  Practitioner,  Dec.  1901.  p.  701 ;  Whitfield,  ibid.  Feb,  1904, 
p.  302. 

«  Brit.  Jour.  IkTftMfol.  viii..  1895,  Nos.  91.  93.  p.  139  (BibUog.). 
>  Lancet,  Um,  i.  p.  1219  (Bibliog.). 
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lyof^enic  co<!<;i  op  fcbeir  toxins  may  pixvluce  varioua 
[uptions,  p.g.  pemphigus  neonatorum  and  eontflgiosua 
|ii  gestation  is.  ^ 

Zoster^ — Pfeiffer  observeul  bodies  iii  ths  eoUs  of  the 
liich  he  believed  to  be  protoKott.  (iilciirist,^  however, 
leae  merely  as  altered  nuclei, 

Und  Moltth  Disease. —Streptoeooci  and  amcBhre  have 
|ted  from  the  veBicles  in  this  disease,  but  the  former 
ily  only  the  S.pifogeiies.   Jliissenius  and  BiegeP  isolated 

but  a  German  commission  comprising  Loftier  and 

[ed  that  thej  were  unable  to  prove  its  fetiokigical  aigni' 

joftltH'  and  Proscb  have  determined  that  the  organism 

vtuy  minute  one,  as  it  paaaes  through  the  smallest 
lelain  filler. 

Fevkk.^— .S'^jtonj/ms  :  Rock,  Mediterranean,  or  Undu- 

A  iliseafie  met  'WJth  especially  on  the  Mrditprranean 

it  also  in  SoMtli  Africsi,  liidin.  t/bituij  tlie  riiilippines, 

lubirnpical  coimUii^'s  of  AnKrica,  mv\  elinieally  often 

typlioid  li'Viw. 

niicrncorciiH    rJlf.  DU'Iitcusis),   first   described   bv 
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slightly  omni^e  colour,  and  round,  with  granular  uiar^^ing.  On 
gelatin  a  whitish  growth  slowly  forms  withnnt  li(]iu'faolion,  uiid 
in  broth  a  ilifluse  clouJiness  forniH,  with  a  white  Jeposit,  and 
witliout  him  formation,  Litujus  milk  becimaes  alkaline  without 
cunUinfj.  Alkali  is  also  produced  in  j^lucose  media,  but 
galactose,  nialtoBc,  and  saccharoso  are  uDchant;ed  {see  table, 
p.  22r)).  Tht?  diBtribiition  of  iho.  M.  uwHtensis  in  thu  body 
corresponds  tlost'ly  witli  that  of  the  B.  tffphosits  :  thus  it  is 
abundant  in  the  spleen,  relatively  scanty  in  the  blooil,  and  is 
excreteil  in  the  urine. 

'Die  M.  viclitrusis  rnuintuina  its  vitality  outside  tlu^  body  in 
the  dry  stale  in  dust  or  on  clothing  for  two  to  throe  months,  in 
bap  or  sea  water  for  a  month.  The  thermal  death-point  is 
about  65^  C. 

Jnoeulated  into  animals  no  result  usually  ensues;  in  the 
monkey,  however,  a  febrile  condition  i^^  prodnced,  with  enlarjLjed 
spleen,  sometiiucs  teruiinatinLj  in  death,  the  course  of  the 
temperature  resembling  that  of  the  disease  in  umu.  By  intra- 
cerebral inoculation  Ihirlumi  found  that  the  orj^Tiuism  becomes 
pathot^(_'nic  for  the  rabbit  ami  f^uiiiea-pi^',  otherwise  it  Js  without 
eflect.  For  the  4l]apnosis3  of  the  diseiise  thi-  ag^Lrlutiuation  reaction 
is  most  valuable.  It  may  be  ciirried  out  by  the  niioroscopic 
method,  a  4H-hours'  broth  culture  being  employed,  the  details 
of  the  proecHK  being  the  Hauie  as  describeil  at  p.  172.  l»i]titions 
of  i  in  30,  1  in  i"iC,  and  1  in  100  should  be  prepared,  as  well  as 
controls  with  normal  sennu,  for  old  laboratory  strains  sometimes 
n^glutinaU'  with  normal  serum  in  dilution  of  1  in  20  or  80 
(seep.  170.  Neglect  of  this  preC;iulion  leil  Beutley  to  describe 
kala-a/jir  as  a  Malta  fever  infection).  The  organism  being  minute, 
it  is  necessary  to  use  the  ,',-inch  oil-immersion,  the  ji-inch  with 
a  high  eyepiece  and  draw-tubo  extended,  or  better  a  jj-inch  dry 
objective.     The  sedimentation  metbod  is  preferable. 

The  disease  may  be  conveyed  to  monkeys  by  contact,  by 
inhalation  of  infected  dust^  and  by  foedmg.  Mosquitoes  and 
other  insects  do  not  seem  to  convey  it. 

The  investigations  of  the  Mediterranean  Fever  CommisBion  ^ 
have  shown  that  the  main  source  of  infection  of  man  is  by  goat's 
'  lU-porU  I.-VIL,  Koyal  Society,  London.  iy05-1007. 
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milk.  Goats  may  be  infected  (and  are  largely  so  in  endemic 
distriotSf  e.g.  Malta  and  South  Africa)  without  showing  any 
symptoms,  and  excrete  the  organism  in  large  numbers  in  their 
milk.  Since  the  goat's  milk  has  been  boiled  the  incidence  of  the 
disease  in  Malta  has  fallen  from  663  cases  in  1905  to  7  cases  in 
1907  in  the  Army,  and  in  the  Navy  there  were  no  oases  in  1907.' 

Toxin^  VaccinCf  and  Serum, — The  M,  rwlitefisis  forms  no 
extra-oellular  toxin,  but  Macfadyen  obtained  an  endotoxin  by 
disintegration.  Attempts  to  prepare  an  anti-serum  have  not 
been  successful.  A  vaccine  prepared  with  cultures  killed  by  heat 
(see  p.  199)  has  been  used  in  the  chronic  form  of  the  disease  by 
Dassett-Smith  ^  and  others  with  some  amount  of  success. 

Mastoid  Disease.— See  Otitis  media. 

Measles. — Doehle  and  Behla  described  small  flagellated 
bodies  which  they  believed  to  be  protozoa  in  this  disease.  Canon 
and  Fielicke  found  small  bacilli  in  the  blood,  which  Tchaikovsky 
confirmed.  They  are  motile,  do  not  stain  by  Gram's  method, 
and  can  be  cultivated  on  agar  and  serum,  on  which  they  form 
delicate  colonies.  Czajkowski  has  found  a  similar  organism. 
Lesage^  cultivated  a  small  micrococcus  &om  the  nasal  mucus 
and  blood,  which  produced  a  fatal  hH)morrhagic  septicaemia  in 
animals.     The  influenza  bacillus  is  found  in  many  cases. 

Meningitis  may  be  caused  by  1).  p?ieiimonuB  (60  per  cent, 
of  acute  cases),  1).  intracellular  is  j  Still's  diplococcus,  B,  tuber- 
culosisj  gonococcus  and  micrococci  and  streptococci. 

Mumvs  (Epidemic  Panotitis). — Mecray  and  Walsh  ^  have 
isolated  from  the  parotid  and  blood  in  some  cases  of  mumps 
a  coccus  resembling  that  described  by  Laveran  and  Catrin.  It 
occurs  chiefly  as  a  diplococcus,  but  also  in  large  groups.  The 
colonies  form  circular,  white,  shining  points,  with  slow  growth 
and  gradual  liquefaction.  On  potato  a  white  growth  occurs  ;  on 
blood  serum  a  plentiful  cream-coloured  growth  ;  and  in  litmus- 
milk,  production  of  acid  with  coagulation. 

Noma  and  Cancrum  oris. — Grawitz  in  1890  observed 
bacilli   in   the   afl^ected   tissues  in  tliis  disease,  others  fusiform 

'  Bruce,  Nature,  May  14,  1908,  p.  39. 

■■'  Jotirn.  of  Hygieiie,  vii.,  l'J07,  p.  115. 

=  Covijd.  iiend.  Soc.  Biol.  1900,  p.  203. 

*  Med.  Record  (N.Y.).  1..  1890,  p.  440  (Bibliog.). 
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bacilli  with  or  without  other  orRaniHins  ;  Comha  coiiRidered  that 
there  was  probably  no  specilic  organism  ;  Durante  fountl  the 
3/.  pi/ogetws,  \a.r.  anretcs,  with  B.  protcus,  and  Ravenmi  t!ie  sdnie 
micrococcus  with  the  typhoid  hacillns.  Diphthoroitl  bacilli  have 
also  been  isolated.  Weaver  and  TunoidiB' '  in  a  case  of  cancrum 
oria  obsvrvod  th«  presence  of  fusiiorm  bacilli  and  spirilla. 
HelleBtiQ^  isolated  a  diplococcuB  from  a  case  of  noma.  The 
organibiUL  is  not  unlike  the  pneumococcua,  but  possesses  no 
ciipsule,  is  CTrani-jwsitive,  gives  a  f^enenil  turbidity  in  broth  with 
acidity,  forma  no  gas  from  {glucose,  ciu-dlus  luitk  with  acid  pro- 
ductiuii,  and  forms  punctate,  whitish-grey,  translucent  colonies 
on  surface  agar.  On  inoculation  into  animals  a  spcciiic  necrosis 
was  produced. 

Bishop  and  Ryan*  in  two  out  of  throo  caeoa  isolated  an 
organism  which  culturally  and  morphologically  resembled  the 
diphtheria  bacillus,  but  which  only  produced  some  local  intiam- 
mabion  on  inoculation  tuto  guinea-pigs.  In  the  third  caso  the 
AT.  i'yo(jcfttis,  var.  aureus,  and  the  ^Ireptococcns  pyoijeties  were 
isolated.  Guizzetti,aDd  Freymuth  and  Petruschky^  have  isolated 
the  Klebs-Loffler  bacillus  in  noma. 

Of'pler-Boas  Bacillus. — ^Met  with  in  the  stomach,  parti- 
cularly in  eases  uf  carcinoma,  and  its  presence  is  suggestive  of 
this  condition.  The  bacilli  occur  in  masses,  are  long  and  filiform 
and  non-motile^  and  fretjuently  join  one  another  in  angles.  They 
measure  usually  G-H  ^  in  length,  but  vary  l>etween  8  and  10  ^t. 
The  organism  has  been  cultivated,  and  is  a  facultative  anaurobo^ 
uon-sporing  and  Gram-positivo.  It  curdles  milk  and  forms  lactic 
acid  from  various  sugars. 

Otitis  Medu. — The  Diplococcus  pneunwnUs  is  perhaps  the 
commonest  organism  met  ^nth  ;  next  in  frequency  comes  the 
Strcjitocuccus  pi/ogeft^St  and  thon  the  pyogenic  cocci.  In  scarla- 
tinal otitis  media,  BlaxalT'  fomul  the  S.  pyogenes  to  be  always 
present,  and  generally  accompanied  by  other  organisms,  pyogenic 
cocci,  &G,     In  thirty-seven  cases  of  mastoid  disease  Blake'*  found 

'  Journ.  lnjfctioiis  Dixcas^'H.  iv.,  11K)7.  p.  H  (Hibliog.). 

'  Sm  Lancvt.  1908.  i.  p.  y55. 

■  Joum.  Amer.  Med.  Assoc,  xxv..  189-!>.  p.  1043  (Bibliog.). 

*  Deutsche  Mtd.  Woch.  180H,  pp.  332  and  SOO. 

»  JBri(.  Med.  Jvurn.  18^4.  ii.  p.  113  (BiWiog.).      •  Ibid.  18»r, 
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the  following  organisms^  and  remarks  that  as  a  rule  the  same 
were  found  in  the  middle  ear : 

Streptococcus 13 

Staphylococcus 5 

Diplococcuu  (?  pneumotiifp) 6 

Streptococcus  and  diplococcus 5 

Streptococcus  and  Bacillus  fctUlns  (?  colon  bacillus)        .  3 

Streptococcus  and  Bacillus  ptjocyatietui     ....  1 

Streptococcus  and  diplococcus 1 

Streptococcus,  micrococcus,  and  diplococcus    ...  2 

In  two  of  the  cases  no  organisms  could  be  isolated. 

Oz.KNA  (Atrophic  Rhinitis). — Lowenberg  described  in  this 
disease  encapsuled  bacilli  somewhat  resembling  the  pneumo- 
bacillus  morphologically.  Some  Italian  observers  found  baciUi 
apparently  identical  with  the  diphtheria  bacillus.  Abel  *  also 
described  a  bacillus  somewhat  resembling  the  pneumo-bacillus. 
It  is  this  organism  which  produces  the  atrophy  of  the  mucous 
membrane,  but  the  fetor  is  due  to  the  decomposition  of  the 
secretions  produced  by  other  organisms. 

Perez '^  isolated  an  organism  in  oznentk  {Cocco-bacillus  fetidus 
ozena)  which  has  the  following  characters :  it  is  a  short  bacillus 
with  rounded  ends,  non-motile,  does  not  stain  by  Gram's  method, 
does  not  liquefy  gelatin,  does  not  ferment  lactose  nor  curdle 
milk,  but  forms  indole  and  ferments  urea.  Its  cultures  are  fool- 
smelling,  and  it  is  pathogenic  for  guinea-pigs,  mice,  rabbits,  and 
pigeons* 

Peritonitis. — Treves  ^  gives  the  following  table  of  the  micro- 
organisms found  in  peritonitis : 


I 

Friinkc-l 

1 

Kniiii'l 

1               illoilO 

11 

7 
1 
1 

Tavcl 

FouikI 

alouc 

15 
3 
2 
0 

nu<l 

Touz 

1              — 

1 

FoaiMl  In 
asfociut  on 

Jiticillns  c<}li  communis  . 
1  Streptococcus 
1  Stuphylococcus 
1  Pneuniococcus 

16 

15 

ft 

2 

N 


20  20  I  39 

'  Zeitschr.f.  Jhjg,  xxi.  p.  89. 

-  Ann.  dc  VInst.  Pasteur,  xiii.  1HI)9.  p.  937,  and  xv.  1901.  p.  409. 

>  Brit.  Med.  Journ.  1894,  i.  p.  •229  et  scq.  (full  Rofs.). 
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Oudgoon '  believes  tbe  B.  coll  in  fref|uently  a  seconflary  agent 
and  not  the  primary  infection.  He  finds  that  tho  M.  ptfoijenfs, 
var.  albus,  is  very  couimonly  present  from  tbe  first,  and  may 
excrb  a  protective  action  by  determining  tbe  occurrence  of  pbago- 
cytoaia. 

Pertussis  ou  Whoop[ng-covoh. — Affanaasieff  observed  large 
numbers  of  bucilli  in  the  sputuni  in  this  disimse.  Koplik,  by 
sowing  ttio  pellets  on  solidified  hydracDle  fluid,  obtained  a  pure 
culture  of  a  small  and  delicatfi  ImiciUus  measuring  0*8  to  1'7  /i  in 
length.  It  formed  a  white  growth,  did  not  produce  spores,  and 
stainoi  with  methylene  blue  like  tbe  diphtheria  bacillus,  clubbed 
involution  forms  also  occurring,  and  was  pathogenic  for  mice,  but 
nob  for  guinea-pigs.  It  was  isolated  in  thirteen  out  of  sixteen 
cases." 

Czaplewski  and  HenseP  Isolated  a  bacillus  having  some 
simikrittes  to,  but  diffenng  in  certain  respects  from,  that  of 
Koplik. 

Davis*  states  that  in  tbe  sputum  there  is  almost  constantly 
present  a  bacillus  morphologically  and  culturally  identical  with 
the  influenza  bacillus.  Bordet  and  Gengou^  state  that  while 
this  iuliuenza-iike  bacillus  is  frequently  present  it  is  not  the 
specific  agF^nt  of  the  disease.  This  they  believe  to  1>g  a  small 
bacillus  exbiblting  polar  staining,  diHicult  to  cultivate  except  on 
a  special  medium  (a  -i  per  cent,  glycerin  extracL  of  potato  with 
defibrlnaied  rabbit  or  human  blood  solidified  with  ugiir}^  on  which 
it  Forms  a  delicate  growth, 

Arnheim^  states  that  though  the  Czaplewski-Hensel  and  the 
Bordet-Gengou  bacilli  are  very  similar,  they  are  not  identical, 
and  regards  the  latter  as  the  causal  agent,  as  it  is  agglutinated 
by  the  patient's  serum. 

Alberico'  describes  a  diplococcus. 

PsiLosis  OR  Si'KUE. — Thin*  considers  this  disease  to  l*  due 

'  Bttcterk'logy  of  Perit'ju\tis  (ConBtnble.  IJtOv'J). 

'  BtH.  Mai.  Journ.  18'J7,  ii.  p.  10J51  (biblioR.). 

»  Cenir.f.  BakL  xxii.  isy?.  pp.  641  and  721,  and  xxiv.  1898.  p.  8«6. 

'  Jottrn,  Infect.  Dineases^  iii.,  11K)0,  (i.  1  (Bibliug.). 

»  Ann.  de  VInst.  PaaUur.  xx.  190fi,  p.  731,  and  xxi.  1907,  p.  720. 

"  See  lirit.  Med.  Journ.  1908,  ii.  p.  5*23. 

'  lifui.  Epit.  p.  32.  "  Psilosia  or  Spru4!  (J.  *  A.  Churchill.  18y7). 
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to  an  abnormal  fermentation  in  the  intestine  brought  about  by 
some  organism  which  has  not  yet  been  isolated. 

PuEKPERAL  Fever. — This  condition  may  be  either  a  localized 
infection  with  intoxication  (sapriemia),  or  a  localized  infection 
with  general  infection  (puerperal  septiceemia) ;  in  both  the 
primary  seat  of  infection  may  be  perineal  or  vaginal  lacerations, 
or  the  contents  of  the  uterus  or  the  placental  site.  The  infecting 
organisms  may  be  S.  pyogeties,  pure  (20  per  cent.)  or  with  other 
organisms  (80  per  cent.),  occasionally  the  D.  pneumonuB,  B,  colit 
M.  pyogenes^  var.  albuSj  M»  pyogenes^  var.  aureus,  M.  gotwrrJutOf 
B.  Welchiij  and  diphtheroid  bacilli.  These  are  rarely  alone,  but 
generally  occur  with  one  or  other  of  the  organisms  named.  The 
B.  diphthericB  may  exceptionally  be  met  with,* 

Purpura. — Hremorrhagic  septicaemia  may  be  caused  by  a 
numl>er  of  capsulated  bacilli  allied  to  the  B.  pneumonuB  of 
Friedliinder,^  as  well  as  by  streptococci  and  pyogenic  cocci. 
Paratyphoid  infection  may  be  accompanied  with  purpura. 

Pyorrhoea  Alveolaris  (Rigg's  Disease). — Goadby  '  believes 
the  M.  pyogenes,  var.  albm,  S.  salivariuSf  S,  pyogenes,  and 
M.  pyogeneSj  var.  aureus^  to  be  the  causative  organisms  in  various 
cases,  and  has  used  vaccine  treatment  with  success.  Whittles 
has  described  a  Gram-staining  bacillus. 

Rheumatism  (Acute). — The  opinion  has  gained  ground  of 
late  years  that  acute  rheumatism  is  an  infective  disease.  A 
number  of  observers  have  isolated  streptococci  and  micrococci 
in  this  disease,  and  Singer^  regards  the  disease  as  merely  an 
attenuated  form  of  pyiemia.  Menzer  considers  that  rheumatic 
fever  is  not  due  to  any  one  organism,  but  is  a  particular 
reaction  in  predisposed  persons  to  various  microbes,  especially 
streptococci.  In  1897  Achalmo*  isolated  an  anaerobic  anthrax- 
like  bacillus  from  several  cases.  This  bacillus  agrees  in  all  its  cha- 
racters with  the  B.  Wclchii  (cnteritidis  sporogcnes),  and  is  believed 
by  the  writer''  to  be  identical  with  the  latter;  it  is  probably  a 

*  See  Foulerton,  rractitioncr,  March  1905,  p.  387. 

="  See  p.  235.     Also  HowukI,  Jonrn.  Exp.  Med.  iv.,  1809,  p.  149  (Bibliog.). 

=•  Brit.  Med.  .hmm.  1008,  ii.  p.  477 ;  Lancet,  March  9,  1907. 

'  HerJ.  klin.  ]\'uchr.  IH'Mt,  No.  3H,  and  Wicii.  klin.  Woch.  1901,  No.  20. 

^  .Urn.  (/(■  rjnsL  Pasteur,  xi.,  1H97.  p.  815. 

"  7Vrt««.  Path.  Soc.  Loud.  Jii.  Pt.  ii.  1901,  p.  115. 
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fcenninal  infection  or  a  contftminatinn.  Poynton  and  Paino  ^  in 
IH99  olitrjiinetl  from  ei^ht  snccessive  caflt)H  it  iliplococcus  {/>.  rheu- 
maitcux)  posHsssing  the  following  charactnra :  minute  cocci 
aYnm-^'inf?  O'fl  ft  in  difvmetor,  often  asBociated  in  pairs,  but  in 
li<|uul  meiiia  forniint'  chiiins.  The  organism  grows  both  an'olii- 
cally  and  aiiacrobically,  but  floes  not  thrive  well  upon  ordinary 
media,  developing  best  in  milk  broth  slightly  acidified  with  lactic 
acid  or  upon  blood  agar — on  the  latter  medium  small  raised 
yellowish-white  discrote  cjionies  develop  in  twenty-four  hours. 
Injected  intraveuously  into  rabbits^  the  diplococcus  frequently 
produces  enlargement  and  inQaummtion  of  the  joiiitn  with 
eS'usion,  and  accasionally  valvulitis  and  endocarditis.  In  man 
the  or^'anisin  was  demonatratod  in  the  vegetations^  pericardium, 
tonsile),  and  rheumatic  uodulas,  and  has  been  isolated  from  the 
blood,  pericardii!  fluid,  cardiac  vegcttatiuus,  and  tonsils. 

Andrewes  and  Horder  found  that  two  straina  nf  the  D.  rhnt' 
fiutthiis  corresponded  with  the  S./{fcalis  (p.  218). 

Kheumatoid  Authuitis  (Authritih  nBPOKMANS).  — 
Schuller  described  a  small  bacillus  in  this  diseHse.'^  Blaxall^ 
found  in  the  synovial  Huid,  and  occasionally  in  the  blood,  a 
minute  bacillus  measuring  2  /t  in  length.  It  pus^essed  marked 
polar  staining,  was  decoIori/M  by  Gram's  method,  and  could 
only  be  stained  hy  prolonged  immersion  in  the  solution.  Blaxall 
obtained  the  best  results  hy  fixing  cover-glass  specimens  by  pass- 
ing sis  times  through  the  flame,  treating  with  dilute  ftcetio  acid 
for  two  minutes,  washing  and  drying,  then  staining  in  anilin 
mothyloue  blue  for  three  to  five  days,  washing'  in  rimuing  wakir 
for  some  hours,  rinsing  in  distilled  water,  drying  and  mounting. 
The  organism  can  be  cultivated  on  agar,  on  serum,  and  in  broth. 
In  a  clear  broth,  after  three  days,  minute  shining,  yellowish 
particles  appear  and  increase  in  amount,  giving  rise  on  shaking 
the  flask  to  an  appearance  of  'gold  dust.'  On  agar  and  on  serum 
an  extremely  delicate  film  of  growth  appears,  only  visible  with 
a  lens.  In  cultivation  the  bacillus  is  found  to  be  non-motile, 
to  form  /iooglcea  masses,  and  sometimes  to  grow  into  longer 


i 


'  Art7K-W.  1W>0,  ii.  p.  H(il   *•(  s^-q. 

i't.  iii.  p.  24S  ;  ibid.  Iv.,  I»tl4,  p.  VHk 

'  BerL  kiifU  Woch,  Sept.  i,  1H93. 


Trttm,  Path.  Soc.  Loud.  Jii..  1901, 
'  iMiicei,  1896,  i.  p.  11*20  (Bibliog.). 
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individuals.  It  does  not  grow  on  gelatin.  Inoculation  experi- 
ments on  animals  failed. 

Foynton  and  Paine '  have  isolated  a  diplococcus  (?  a  form 
of  their  D.  rhcumaticus)  from  an  osteo-arthritic  joint,  which 
produced  arthritis,  with  osteo-arthritic  changes,  when  injected 
intravenously  into  rabbits. 

Osteo-arthritis  is  probably  not  a  single  disease. 

Rhinobcleroma. — A  bacillus  has  been  described  in  this 
disease.  It  is  a  short  rod,  with  rounded  ends,  encapsuled,  and 
frequently  linked  in  pairs.  The  organism  is  non-motile,  does  not 
stain  by  Gram's  method,  and  forms  on  gelatin  a  whitish  growth 
without  liquefaction  Uke  that  of  Friedlander's  pneumo-bacillus. 
Milk  is  not  coagulated.  The  organism  is  slightly  pathogenic. 
It  is  doubtful  if  it  is  the  causal  agent. 

Rinderpest.  —  Simpson,  Koch  and  Eddington  described 
bacilli  in  this  disease,  but  Nicolle  and  Adil-Bey  have  found  that 
the  virus  passes  through  a  porcelain  filter,  and  the  organism 
therefore  is  probably  ultra-microscopic. 

Syphilis. — A  small  bacillus  was  observed  by  Lostgarten  '  in 
the  lesions  in  this  disease,  a  large  bacillus  by  Eve  and  Lingard, 
a  strepto-bacillus  by  Van  Nieeson,  and  a  Gram-negative  poly- 
morphous bacillus  by  Justin  de  Lisle  and  Jullien,  but  these  are 
generally  believed  to  be  accidental  organisms. 

In  February  1905  SiegeP  claimed  to  have  discovered  the 
parasite  of  syphilis,  which  he  named  the  Cytoryctes  luis.  He 
described  it  as  occurring  as  a  motile,  pear-shaped,  retractile  body 
O'5-l  fi  in  length,  subsequently  breaking  up  into  small  refraotile 
non-motile  spores. 

In  March  1905  Schaudinn  *  noted  the  constant  presence  of 
a  spiriform  organism  or  spirochaeta  (S.  pallida  or  Treponema 

'  Brit,  Med.  Journ.  1902.  i.  p.  79. 

-  Lustgartcn  stained  bis  bacillus  as  follows  :  Sections  nre  treated 
with  anilin  gentian-violet  for  twenty-four  hours,  washed  in  alcohol,  de- 
colorized in  1'5  per  cent,  potassium  permanganate  for  ten  seconds,  rinsed 
in  5  percent,  sulphuric  acid,  washed  in  water,  and  mounted.  If  not  suffi- 
ciently  decolorized  before  mounting,  the  treatment  with  permanganate  and 
ulphuric  is  repeated. 

'  Anh.  AhhiVuU.  Akad.  Wiss-  licrlm,  1905. 

'  Arbeit-  a.  d.  Kais.  GcsundJieitsamk,  xx.,  1905. 
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a.  TUEfUNKUA   PALLIDUM. 

Bkction  or  Liver  of  Ketos  (CoNaENiTAL  SYrutLU). 
Levaditih  Mkthoi^.      X  ISOO. 
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6.   TilEl'ONEiH    PAlJ.II>nH 

Smear  rsou  Oondtloma.    Ouhha.     x  IfiOO. 
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pallidum)  in  various  lesion.')  in  acquired  and  congenital  sypMifi. 
The  T,  pallidnm  varies  from  4-10 /j  in  length,  averaging  7/* 
(Plate  XXIV.  />}.  It  is  much  more  attenuated  than  the  majority 
of  spirochaetes,  having  a  maximum  thickness  of  0''»  /j,  has  three 
to  twelve  twists  forming  a  close  and  narrow  spiral,  is  actively 
motile,  though  possessing  no  tiagella,  bat  may  have  an  undu- 
lating membrane.  It  stains  feebly  and  with  difhculty.  Another 
Bpirochaeie,  the  S,  refrhigenst  frequently  accooipanies,  and  must 
not  be  mistaken  for,  the  1\  pallidum ;  the  former  is  more 
refractile  and  coarser,  has  fewer  twists  and  forms  a  wider  spiral, 
and  stains  deeper  and  more  readily  than  the  latter.  The 
T.  pallidum  has  been  found  in  primary  and  secondary  lesions  of 
syphilis,  but  very  rarely  in  the  blood  and  tertiary  lesions ;  it  is 
abundant  in  the  organs  in  the  fetus  in  congenital  syphilis  * 
(PlHleXXIV.a). 

The  T.  imllidum  has  of  late  been  assumed  to  be  the  specific 
organism  of  syphilis,  being  present  not  only  in  human  lesions 
but  in  experimental  lesions  of  inoculated  apes  (see  below).  The 
writer  still  bbsitaten  to  accept  this  as  proveil,  l>ecause8pir(x;haetes 
seem  to  be  organisms  of  constant  saprophytic  occurrence,  e.g.  the 
S.  refringens  always  accompanies  the  2\  pallidum  in  chancres, 
spirochaetes  are  found  in  malignant  tumours,  ulcers,  ulcerating 
granuloma,  yaws,  Ac. 

The  T.  palliduin  has  not  been  cultivated  in  vitro  in  spite  of 
numerous  attempts.  By  placing  material  from  a  rhesus  monkey 
inoculated  with  syphilis  into  collodion  sacs  and  introducing 
them  into  the  peritoneal  cavity  of  another  monkey,  and  examin- 
ing the  contents  of  the  sacs  a  mouth  after  the  operation,  a  groat 
niiiUiplicatioD  of  the  organism  was  found  to  take  place.' 

MetchnikolT  and  Roux  (also  Griinbaum)  found  that  the 
chimptiuzeo  is  very  susceptiblu  to  syphilis,  and  can  readily  l)e 
inoculated  from  man,  the  T. pallidum  being  found  in  the  lesions. 

Macacaa  rhesus  is  also  somewhat  susceptible,  likewise  the 
M.  cynotnolgus  and  the  Chinese  bonnet  monkey,  but  not  the 


*  On  the  occurrence  of  the  T.paUidtutt^  sec  HchAviilinn,  Arbiit.  a.  d.  Kais, 
(ifsuniUu'itmmU,  xxii.;  Buschke  and  Fischer,  l>cui.  uuhI.  W'och.  May  IS 
and  'J:i,  lOOr* ;  Levuditi,  C.  H.  Hoc.  Hiol.  May  20  and  Juiio  17.  1905. 

'  Levaditi  and  .Mcintosh,  Ann.  de  ^/ru^  I'asUur,  xxi.,  1907. 
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By  several   pa99age§   through   a  rhesus  monkey   the 

virus  becomes  Attemiatcd.  so  that  \n  man  it  produces 
locftl  lesion,'     BertarelU*  stales  that  syphilis  maybe 
H  OQ  the  rabbit, 

ipta   by   MetchnikofT  and    Rous   to   prepare   an   anti- 
serum by  inooulatiug  apes  nnd  goats  with  Hypbilitic 
vod  unsuccessful  (as  did  earlier  experiments  with  other 
by   Hnncourt  and   Riebet),     Thu   syphilitic   vims   as 
f  iEtroducod  into  man  by  sexual  intercourse  probably 
m  hours  to  becf>me  geueralizedj  far  Metchnikoflf  found 
ittilly  in  apes  that  if  the  seat  of  inoculation  were  treated 
lomel  ointment  up  to  eighteen  hours  fitter  inoculation 
was  preventred, 

jrtL^  ^  has  described  many  curioua  bodies  in  the  chancre, 
a,  n.rul  parliculiirly  in  the  hl(K>rt  during  the  seeondarj- 
Ih*  i'nriii  wliich  riccurs  uiont  abiuirlanbly  iippt'tirs  jva  ii 
irldy    stiihiJTif.^    sphfrit-al   body,    mcaaurin^:   from   ^   ;i 
iLHsl    ncenHinnallv    fi  suiall    cMitfal    v^'ffuctilf    i^nclt^us 
luade  out.      Tliia    fortn    wlifMi    iinstitim*!    fcBi^mbleji  a 

ANTIGEN   TKST  r>3r, 

a  cvihip  cenlimetre  of  distillefl  wator,  and  renflerinf?  alkaliin?  with 

a  few  (IropH  of  1  |)ei'  cent.  puiaHHiuta  carbonate  soliitiori.)     Tho 

preparations  may  alBO  i)e  stained  in  the  xmrlilutorl  Ctiemsa  stain 

for  half  to  aix  hoiira. 

So  coiiTMlent  are  most  authors  that  the  T,  pallidum  ia  the 

causativo  or^ani^m  of  ayphiliSj  that  its  dcraonRtration  ia  held  to 

he  a  means  of  diagnosing  the  disease. 

2.  L&vaditVs  method  may  be  employed  for  sections  : 

{!)  Fix  piecos  of  ti.ssiu«  about  1  mm.  thick  in  10  per  cent. 

formalin  for  twonty-foiir  hours. 

(2)  Wasli  in  water,  and  harden  in  96  pec  cent,  alcohol  for 
twenty-four  hours. 

(3)  Wash  in  distilled  water  for  some  minutes  (until  pieces 
sink). 

(4)  Place  in  3  per  cent,  ailver  nitrate  solution  at  87*"  C  for 
three  to  five  days  rn  the  dark. 

(5)  Wash  in  distilled  walor  for  some  minutes,  and  then  place 
in  tha  folloAvinfj  solution  at  room  tomperaturt'  for  twenty-four  to 
forty-ei^ht  hours : 

PyrnjTallic  acid    ,         ,         .         ,  2-4  grama 
Fonualiu     .....       5  c.c. 
Distilled  water    ....  100  c.c. 

((^)  Wash  in  disttlHed  wator,  dehydrate  in  absolute  alcohol, 
clear  in  xylol,  embed  in  paraflin,  cut,  and  moutiL. 

The  spirofhaetea  are  stained  black  or  brown  (Plato  XXIV.,  a), 
the  tissues  yellow. 

Some  have  asserted  that  the  spirochaetes  seen  in  the  tissues 
after  staining  by  this  method  are  artifacts  or  are  composed  of 
iikments  of  elastic  tissue.^ 

Antigen  Test. — This  has  been  largely  applied  as  a  confirma- 
tory test  of  the  pre.sumably  syphilitic  nature  of  such  conditions 
as  tabes  dnrsali^  and  general  paralysis  of  the  insane.  In  these 
conditions,  if  ayphihtic,  the  infection  having  lasted  a  km^'  lime, 
the  patient's  blood  should  contain  syphilitic  antibodieSjiuchtding 
the  specific  immune  body.  The  test  is  based  on  complement 
fixation   (p.  lOH),     In  this  method  a  specific  organism  fixes  its 

'  See  Hftling  and  MUUIudh,  Ceutr.  /.  Bakt.  (Ori|?.),  xlii.  ftnd  xliii. 
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homologous  immune  body,  and  the  complex  then  takes  up 
complement ;  this  is  demonstrated  by  the  use  of  a  htemolytic 
system  (p.  166).  But  in  syphilis  the  organism  cannot  be  culti- 
vated, and  therefore  some  other  means  had  to  be  deyised  to 
provide  the  substance  which  fixes  the  immune  body.  For  this 
purpose  an  extract  of  the  organs  (e.g.  liver)  of  a  syphilitic  fetus 
is  employed.  The  disease  being  at  an  early  stage,  an  abundance 
of  the  specific  organism  and  its  products  (the  'antigens/  p.  139) 
are  presumably  present  and  little  anti-serum  has  been  formed^  and 
the  antigens  will  fix  the  homologous  immune  body.  The  require- 
ments are — (1)  antigen  extract ;  (2)  syphilitic  immune  body ; 
(3)  complement ;  (4)  a  hemolytic  system ;  (5)  the  test  flnid, 
i.e.  the  serum  or  cerebro-spinal  fluid  of  the  patient  to  be  tested ; 
(6)  body  fluid,  corresponding  to  the  test  fluid,  but  derived  from 
a  normal,  non-syphilitic  person. 

1.  The  antigen  is  prepared  as  follows :  The  liver  of  a  syphilitic 
fetus  is  obtained  as  fresh  as  possible,  and  at  once  manipulated. 
It  is  finely  minced  and  well  triturated  with  the  addition  of  1  to 
4  parts  of  0*5  per  cent,  carbolic  in  physiological  salt  solution. 
The  mixture  is  then  shaken  for  twenty-four  hours,  centrifugalized, 
and  the  clear  extract  (the  antigen)  is  kept  in  a  refrigerator 
(Wassermann).  Levaditi  takes  the  fresh  liver,  minces  it  fine, 
and  dries  over  H2SO4  in  vacuo.  One  gram  of  this  powder  is 
rubbed  up  with  SO  c.c.  of  physiological  salt  solution  allowed  to 
stand  for  twelve  hours  in  a  refrigerator,  then  centrifugalized,  and 
the  clear  extract  (the  antigen)  used.  Landsteiner*  makes  use  of 
an  alcoholic  extract  of  the  liver.  The  antigen  extract  should 
be  clear,  and  should  have  the  following  properties :  (1)  0*2  o.c. 
extract  -f  O'l  c.c.  known  syphilitic  blood  serum  (e.g.  derived 
from  a  well-marked  case  of  tertiary  syphilis)  -f-  complement  + 
hiemolytic  system  =  no  hemolysis;  (2)  0-2  c.c.  extract  -t-  0*1  c.c. 
normal  serum  +  complement  +  hiemolytic  system  =  complete 
hfemolysis ;  (3)  0-5  c.c.  extract  +  complement  +  hemolytic 
system  =  the  hmmolysis  should  be  as  complete  as  in  (2), 

For  purposes  of  control  an  extract  of  normal  liver  should  be 
prepared  in  a  manner  similar  to  that  employed  for  making  the 
antigen  extract. 

'    Wien.  klin.  Woch.  Dec.  12,  1907. 
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2.  r/k!  syphilitic  immune  body  ia  represented  by  blood 
serum,  or  cerebro-spinal  liijiiid,  of  a  definitely  syphilitic  patient 
with  tertiary  symptoms.  Tbe  serum  or  fluid  ia  inactivated  by 
hoafcing  for  thirty  minutes  to  56''  C. 

8.  The  vumptemeui  is  guinea-pig  serum  in  tenfold  dilution. 
It  keeps  unaltered  for  a  long  time  at  —12°  C. 

4.  Th:  HcBtnolytic  Sy&Um.-^ThG  hemolytic  serum  ia  ob- 
tained from  rabbits  which  have  received  repeated  intravenous 
injections  of  washed  sheep's  blood-corpuscles  (see  p.  167).  It  is 
inactivated,  and  keeps  well  in  the  ice  safe.  It  is  used  in  double 
the  concentration  which  suBices  on  trial  for  complete  haemolysis. 
Tbe  sheep's  blood-corpuscloa  must  be  fresh.  They  are  freed 
from  semm  by  repeated  washing  with  saline  solution,  and  are 
employed  in  a  5  per  cent,  suspension.  The  hfcmolytic  system 
with  complement  should  give  prompt  and  complete  htumo- 
lyais. 

5.  Th/*  test  fluid  is  the  patient's  serum  or  eorebro-spinal 
iluid  inactivated  by  heating  to  56°  C.  for  thirty  minutcFi. 

6.  The  hothj  fluid  (corresponding  to  the  test  fluid)  of  a 
normal  person  is  also  inactivated  by  heating  to  56"'  C.  for 
thirty  minutes. 

The  quantity  of  each  of  these  six  reagents  employed  is  made 
up  to  1  c.c.  with  saline  solution.  The  volume  of  fluid  in  the 
controls  is  also  made  up  to  5  c.o.  with  saline  solution. 

The  following  mixtures  are  then  prepared  : 

1.  Controls  :  (a)  Saline  solution  -f-  antigen  extract ;  (h)  the 
test  fluid  +  normal  liver  extract  ;  (o)  the  test  fltiid  +  saliue 
solution  ;  {d)  normal  body  fluid  +  antigen  extract ;  (e)  ayphiHtic 
immime  lx)dy  +  normal  liver  extract ;  (/)  syphilitic  immune 
body  +  antigen  extract. 

2,  Test  mixture  :  the  test  fluid  +  antigen  extract.  To  every 
mixture  complement  ia  addodj  and  after  the  mixtures  have  stood 
for  three  t>  four  hours  at  20^*  C,  the  requisite  amount  of  the 
hjpmolytic  system  is  also  added,  and  the  mixtures  are  allowed  to 
stand  for  a  further  three  to  four  hours,  at  the  end  of  which  time 
the  occurrence  or  non-occurrence  of  hirmolyais  is  noted.  If 
everything  is  right,  hnsmolysis  should  occur  in  all  the  controla 
except  the  last  one,  {/), 
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If  the  test  fluid  under  examination  is  derived  from  a  patient 
suffering  from  a  syphilitic  condition,  it  should  contain  syphilitic 
immune  body,  and  hirmolysis  will  710/  take  place. 

The  examination  of  a  very  large  number  of  cases  of  syphilis 
by  different  observers  indicates  that  the  test  is  of  considerable 
value  and  diagnostic  significance.  In  conditions  such  aa  tabes 
dorsalis  and  general  paralysis  of  the  insane,  which  on  other 
grounds  are  generally  regarded  as  due  to  syphilis,  52  per  cent. 
give  the  reaction.  A  positive  reaction  may  be  said  to  show  a 
positive,  and  probably  active,  syphilitic  infection,  but  a  negative 
reaction  does  not  necessarily  exclude  syphilis.  A  course  of 
mercurial  treatment  may  render  the  reaction  negative.^ 

Further  research  suggests  that  the  active  substance  in  the 
antigen  extract  is  not  a  true  antigen,  for  it  is  soluble  in  alcohol, 
but  is  a  lipoid,  fatty,  or  other  substance,  or  cholesterin ;  and 
Levaditi  and  Yamanouchi  ^  have  found  that  sodium  tanrocholate, 
glycocholate,  or  oleate,  lecithin,  and  cholesterin,  all  act  as  an 
antigen.  It  has  likewise  been  found  that  the  reaction  is  not  specific 
for  syphilis,  but  occurs  also  in  yaws  and  sleeping  sickness.  On 
these  grounds,  Miiller^  suggests  a  simplified  technique  in  which 
the  antigen  extract  made  from  syphilitic  liver  is  represented  by 
an  extract  of  heart  muscle  prepared  as  follows :  One  gram  of 
fresh  guinea-pig  heart  muscle  is  finely  minced  and  ground  up 
with  powdered  glass  or  quartz  sand ;  this  is  then  mixed  with 
60  c.c.  of  95  per  cent,  alcohol,  kept  at  60°  C.  with  occasional 
shaking  for  two  hours,  filtered  through  paper  and  preserved  in 
a  stoppered  bottle  at  room  temperature.  This  extract  ctcis  cts 
an  antigen.  The  following  mixture  is  prepared  :  10  drops  of 
physiological  salt  solution,  1  drop  of  the  inactivated  serum  to  be 
tested,  1  drop  of  complement,  and  2  drops  of  the  alcoholic 
extract  of  muscle.  The  mixture  is  kept  for  one  hour  at  87^  C, 
and  then  a  drop  of  the  ha^molytic  system  mixture  is  added. 

Trachoma.— Battler  described  a  diplococcus  in  this  disease. 
It  is  strictly  aiirobic,  forms  a  scanty  whitish  growth  on  gelatin, 

'  See  Citron,  Wiisserniann,  antl  Meier,  Jotiiii.  Hoy.  Inst.  Public  Healthy 
XV.,  1907,  pp.  r)r>0  5(iH  (abstract) ;  Leaser,  Brit,  Med.  Journ.  Epit.  i.^  190By 
p.  06  ;  Marie  and  Levaditi,  Ami.  de  Vlnst.  Pa^tfeur,  l-'cb.  1907. 

2  Coi'ipL  l!cnd.  Soc.  Jiiot.  xiv.  pp.  IG'.t,  ai3,  a-lU.  720. 

"  Wien.  klin.  ll'rWt.  1908,  No.  9. 
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which  3  not  liquefied,  and  a.  copious  viacid  white  growth  on  agar 
ami  on  serum.' 

Griftith  reganls  trachoma  as  being  caiiaed  hy  the  Koch-Weeks 
Ijacillus.'  The  Morivx-AxenfeM  diplobacilhiH  ami  the  imeiuuo- 
coccus  havG  also  l>een  isolated  from  casos.  The  causative  organism 
cannot  yet  be  said  to  bo  known. 

Tythus  Feveii.— Lewasfhew  ^  ntates  that  he  has  observed 
in  the  blood  of  pfltientH  saffering  from  typhus  fever  round,  highly 
refractile  ItodieSj  the  poloa  of  which  are  occasionally  elongated  so 
as  to  form  a  flagellum  on  either  side.  The  organism  can  lie 
cultivated  by  smearing  droplets  of  the  blood  on  agar-tubea  and 
incubating  at  87°  C.  In  gelatin  stab-cultures  lif|uefaction  occurs. 
The  organism  is  strictly  aerobic,  and  inoculation  experiments 
failed.  McWeeney  *  obtained  negative  results  by  culture  methods. 
\'ariou3  cocci  and  spherical  organisms  have  been  describeil  by 
soverui  observers. 

The  disease  is  usually  considered  to  be  very  infectious,  but 
Matthew  May,*  discuMsing  the  Aberdeen  epidemic  of  I90r*  6,  notes 
that  no  nnrae  or  wardmaid.  however  intimate  Lor  contact  with 
the  typhus  cases,  or  hownvpr  prolongnl  the  exposure  to  infection, 
who  did  not  assist  in  removing  patients  to  hospital,  or  in  clean- 
ing them,  was  attacked— for  example,  all  the  nurses  on  night 
duty  in  the  acute  wards,  ami  all  the  nurses,  l>uth  day  and  lught, 
in  the  convalescent  wards.  In  the  same  category  may  be  placed 
the  doctors  and  the  matron.  Hay  suggests,  therefore,  that  fleas 
may  be  the  agents  which  transmit  infection, 

Vakickl^a. — Varirms  cocci  have  l>een  isolated.  De  Korte 
described  an  auia'boid  proto/.oan-Iike  Imdy. 

Yawb.— Castellani'^  has  found  in  tlie  yaws  granulonmta  a 
doHcato  apirochaeto  resembling  the  S.  pallida  of  syphilis  closely, 
hut  even  more  delicate  and  difticuU  to  stain  than  the  latter 
organism,  and  named  the  S.  pertenuu.     It  is  present  also  in  the 

'  Sec  Lawson,  Hoi-  Lontl.  OphtlMlm.  Hosp.  Heps,  xiv.,  1897,  p.  484. 
»  Thnn}wm  Yates  Lab.  Rep.  iv.  Pt.  i.  1901,  p.  139. 

*  ArcJt.  tLfH  Sc.  Biolog.  de  rinsi.  Itnj>^.  de  Mid.  Exp*^r.  de  St.PStera- 
botirg^  iv.,  189ti.  No.  4. 

*  Brit.  Med.  Jottrn.  189H.  i.  p.  SMI  (Bib]io«.) 

*  Ftiblic  Health,  xix.,  1907,  p.  77:2. 

*  Brit.  Med.  Joitrti.  1907,  ii.  p.  1511. 
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spleen  and  lymphatic  glands  in  the  disease  and  in  inocalated 
monkeys. 

Some  observers  have  supposed  yaws  to  be  a  manifestation 
of  syphilis,  but  (1)  syphilitic  patients  can  bo  inocalated  with 
yaws ;  (2)  syphilis  may  supervene  on  yaws ;  (3)  Neisser  and 
Castellani  have  shown  that  monkeys  inoculated  with  syphilis  are 
not  immune  to  yaws,  and  vice  versd ;  and  (4)  Castellani  '  has 
shown  that  the  yaws  antigen  and  anti-bodies  are  distinct  from 
the  syphilis  antigen  and  anti-bodies.  Wise  has  found  spiro- 
chaetes  in  the  ulcerating  granuloma  of  the  pudenda  of  tropical 
countries. 

Yellow  Fever. — As  far  back  as  1889  Sternberg  described  a 
bacillus — '  Bacillus  X ' — in  yellow  fever,  a  facultative  anaerobic 
organism,  very  pathogenic  to  rabbits.  Then  in  1897  Sanarelli  • 
described  his  Bacillus  ictero'ideSf  which  later  investigation  has 
proved  to  be  an  organism  belonging  to  the  Gartner  group 
(see  p.  351). 

Considerable  controversy  arose  with  regard  to  the  aeitiological 
significance  of  this  organism.  Sternberg  claimed  that  it  is 
identical  with  his  Bacillus  X.  An  American  commission  ^  in- 
vestigated the  matter  and  came  to  the  conclusion  that  the 
Bacillus  ictero'ide^  is  the  cause  of  yellow  fever,  that  it  is  met 
with  only  in  yellow  fever,  that  it  is  agglutinated  by  the  blood 
serum  of  yellow-fever  patients  but  not  by  other  sera,  that  it 
reproduces  on  inoculation  the  lesions  (e.g.  fatty  degeneration) 
characteristic  of  the  disease  in  man,  and  that  it  is  a  species 
distinct  from  the  Bacillus  X. 

Later,  another  Board  of  American  medical  officers  *  investi- 
gated yellow  fever  in  Cuba ;  eighteen  cases  were  examined  during 
life  with  a  view  to  the  isolation  of  Sanarelli's  bacillus,  blood 
being  taken  from  a  vein  and  cultures  made  on  various  media, 
but  with  entirely  negative  results.  Similarly,  eleven  cadavers 
were  investigated,  also  with  negative  results. 

Agramonte  failed  to  obtain  agglutination  of  the  B.  icteroidcs 

'  Journ.  of  Hygiene,  vii.,  11107,  pp.  ^f)>>,. 

-  Ann.  <le  VInst.  Pasteur,  xi..  1H97,  pp.433,  673, and  753. 

"  Med.  Nam  (N.Y.),  Dec.  9.  1899,  p.  737. 

*  P}iil(ul.  Med.  Jouni.  Oct.  27,  1900,  p.  790. 
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with  yellow  fever  serum,  and  tlie  latter  di<l  i:ol  protect  Bniuials 
agiiiiist  infection  with  thtj  B.  icterokh'-ti. 

Reed  and  Carroll'  critically  examined  the  B,  ictero'ulen  und 
its  relation  to  ytdlow  fever.  Th<?ir  conclusions  were  that  the 
Hacilius  X  telonf,'s  to  tiio  colon  group,  the  B.  ieteroidts  to  the 
(liirtner  group,  that  the  fi.  k'teroidcs  and  ho/^'-cholera  bieillus 
produce  the  same  lesiona  in  animals  and  mutually  protect  against 
each  other,  that  the  B*  ictcrdides  causes  in  swine  all  the  symptoms 
and  lesions  of  hog  choleni,  and  that  the  blood  of  hog  cholera 
aj^glutinaten  the  B.  kteroides  in  a  much  more  marked  decree 
than  does  the  blood  of  yellow  fever. 

Reed,  Carroll,  and  Agramonte  *  having  thus  shown  the  letio- 
logical  position  of  the  B,  icteroidcs  to  be  untenable,  directed 
their  attention  to  the  transference  of  yellow  fever  through  the 
agtjucy  of  niosi|uitoea.  Finlay»  of  Havanab,  suggested  many  years 
ago  that  yellow  fever  might  be  propagated  through  the  inter- 
mediary of  a  iimsqmio—Stetjomyia  aiUtpits  {/ascittta)^&nii  with 
tLia  species  these  investigatora  worked.  Thoy  allowed  mosquitoes 
to  bite  y*  Uow-fever  patients  at  various  stages  of  the  disease,  and 
the  infected  mosquitoes  were  subse^juoutly  allowed  to  bite  eleven 
individuals,  two  of  whom  contracted  yellow  fever.  It  is  true 
this  is  not  a  very  convincing  experiment,  but  it  is  to  be  noted 
that  during  the  period  of  fifty-seven  days  among  a  population  of 
1 100  non-immune  Americans  tbcL-e  were  only  three  cases  of 
yellow  fever,  and  that  two  of  these  had  been  bitten  by  contami- 
nated moBquitoes  within  five  days  of  the  commencement  of  their 
attacks.  The  matter  was  put  to  the  further  test  of  experiment 
in  the  following  manner/'  Under  the  fiame  observers  a  camp 
was  established  with  eoveral  tents  each  occapiod  by  one  to  three 
non-immnne  individuals,  and  procautinn.q  were  taken  to  prevent 
the  iutroductiou  of  yellow  fever  from  outside.  Five  individuals 
were  bitten  by  infected  mosquitoes,  and  four  out  of  tlie  five 
contracted  yellow  fever,  no  other  occupants  of  the  camp  being 
attacked  by  the  disease.  Subsequently  several  non-immune 
individuals   were  exposed  to  yellow-fever  infection  from  soiled 

*  Joum.  Exper.  Med.  v.  I't.  iii.  p.  216. 

^  J'hilad.  Med.  Jotim.  Oct.  27.  l'.«)0.  p.  7U0. 

'  Jonm.  Amer,  Med.  J.moc.  Feb.  10,  1»01,  p.  131, 
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linen,  yellow-fever  discharges,  &c.,  in  a  mosqoito-proof  hat  from 
which  mosquitoes  were  excluded,  with  entirely  negative  results. 
These  experiments  prove,  therefore,  that  yellow  fever  is  conveyed 
by  mosquitoes  only,  and  further  work  by  Americans  and  Cubans, 
and  by  French  and  Brazilian  Commissions,  have  entirely  con- 
firmed these  researches  and  conclusions.  It  has  been  found  that 
to  convey  infection  the  mosquitoes  need  to  bite  the  patient  during 
the  first  three  or  four  days,  but  do  not  become  infective  until 
about  the  twelfth  day  after  feeding,  and  retain  their  infectivity 
for  five  days  or  S3.  All  these  facts  point  to  a  protozoon  as  being 
the  causative  organism,  but  none  has  been  found. 

Durham  and  Myers '  searched  in  vain  for  a  protozoan  form 
in  yellow  fever.  In  the  tissues  they  found  a  small  bacillus  which 
stained  only  with  great  difficulty  (by  immersion  for  some  hours 
in  weak  carbol-fuchsin\  and  which  could  not  be  cultivated  by 
ordinary  means.  The  Americans  have  shown  that  the  blood 
serum  after  filtration  through  a  porcelain  filter  is  still  infective ; 
the  organism,  therefore,  is  probably  ultra-microscopic. 

MiCKO-OUGANISMS   OF    THE    SkIN   AND   MuCOUS    MeMBKANKS. 

Skin. — A  very  large  number  of  micro-organisms  are  always 
present  on  the  skin  of  every  part  of  the  body,  and  it  is  impossible 
to  touch  the  smallest  point  without  obtaining  a  culture  if  an 
inoculation  be  made.  The  pyogenic  cocci  ^  are  everywhere 
present,  a  variety  of  the  M.  pyogenes^  var.  albus,  the  M.  epider- 
iniiUs  {albtis)  of  Welch,  being  one  of  the  commonest  (see  p.  207). 
Equally  common  on  the  skin  and  scalp  is  the  scurf  micrococcus 
isolated  by  Gordon  (see  table,  p.  207).  Sarcinw,  bacilli,  and 
moulds  are  also  present.  On  the  skin  of  the  groin,  scrotum,  and 
vulva  the  smegma  bacillus  occurs.  From  sweating  feet  various 
organisms  have  been  isolated,  which  on  culture  evolve  a  disagree- 
able odour,  among  which  is  the  Bacterium  fetidum  of  Thin. 

Conjmictiv(B. — Some  observers  have  stated  that  the  conjunc- 
tiva is  generally  sterile.  A  certain  number  of  organisms  are, 
howe\er,  usually  present,  though  they  are  not  numerous,  and  if 

'   Brit.  Mid.  Jouni.  1(K)1,  i.  p.  450. 

■•'  On  the  rule  of  cocci  in  thf  patholu<^y  of  the  skin,  see  Brit.  Med.  Journ. 
inOl,  ii.  p.  794. 
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artificially  inoculated  the  excess  is  rnpiilly  eliminated.  Tbe 
Jj.  xt^rofiis  can  ofton  be  isolated. 

Randolph  '  states  that  the  normal  conjunctiva  always  con- 
tains organisms,  the  coninioiiest  species  being  the  Micrococctis 
cpidennuli^  (albtis)  of  Welch, 

LawsoD-  fonud  the  normal  conjunctiva  to  he  sterile  in  20  per 
cent,  of  cases  and  pyogenic  cocci  to  be  rare,  and,  when  preaent, 
non-virulent. 

Nose. — In  the  anterior  nares,  crusts  and  vibrisstP  micro- 
organismB  are  present  in  grwit  abundance,  hut,  contniry  to  the 
usual  opinion,  St.  Clair  Thomson  and  the  writer^  showed  that 
the  mucous  membrane  of  the  interior  of  the  nose  is  comparatively 
sterile,  and  when  organisms  are  present  they  are  very  scanty 
compared  with  the  number  of  organiams  inspired.*  Moreover, 
orj^anisms  artilicially  df-posited  were  found  to  he  mpidly  disposed 
of.  After  two  hours,  for  example,  prodifjiosus  inoculated  on  to 
the  inferior  turbinate  could  not  be  detected  by  cultivation.  Wurt/ 
and  Lermoyez  asserted  that  the  nasal  mucus  is  germicidab  l>ut 
Bt.  Clair  Thomson  and  the  writer  ^  were  unable  to  canfirm  this, 
though  it  may  have  an  inhibitory  action. 

Air  Postages,— h<Ao^  the  larynx  under  normal  conditions 
the  air  passages  are  free  from  micro-organisms.  Expire<l  air  is 
also  free  from  organisms,  and  the  air  from  the  na.'io-pharynx 
after  passing  through  the  nasal  cavities  is  deprived  of  the  majority 
of  its  or^nisms.*' 

Mouth. — Micro -organism  8  of  all  kinds  are  present  in  the  buccal 
cavity  in  the  greatest  abundance— Icptothrix,  bacilli,  pyogenic 
cocci,  sarcinjr,  and  spirilla  are  aliimst  always  to  be  found. 
The  Streptococcus  pyogetu'St  M.  pyogenes,  var.  a^ircus,  and 
IHphcocciis  pTiemnonuB  are  frequently  present.  Certain  organisms 
have  their  normal  habitiit  in  the  mouth,  are  ditVicult  to  cultivate, 

'  Archives  of  Ophthalmol,  xsvi,,  1S97,  p.  379. 

«  Trans.  Jettner  hust.  Pret\   Med.  ii.  p.  50  ;    also  Crillith.    Thoatpvon 
Yati-s  hub.  Hep.  iv.  Pt.  i.  1001,  p.  Hl». 

*  Medico  Chirurg.  TrattA.  78,  1895  (BiblioK.). 

'  Other  ob*(i'JVKr8>  howcYfr,  have  not  &ltof{ether  confirined  Ihis.  Sec 
Iglaui^r,  Liiri/Hf;i>xciijn;  1901,  Nov.,  p.  IlltS. 

*  '  The  Fate  of  Micro-or^ianiams  in  Inspired  Air,'  Lancet^  1896,  Jan.  11. 

*  Ibid. 
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>f  considerable  importftnce  in  bLe  production  of  dental 
Well-deHnod  micrococci  iin<l  streptococci  also  occur  in 
L  {M,  salivariuis,  p.  207,  and  S-  mtivariuSf  pp.  213  and 
he  noriital  ijoliva  ia  germicidal  to  some  extent.     (Bee 
as,  436). 

wh  and  Intestine. — Although  a  vast  Dumber  of  orj^an- 
accesa  to  the  Btomaoh,  a  large  DumbBr  are  destroyed  by 
aatrie  juice.    At  tbc3  same  time  a  considerable  proportion 
to  aurvivo— earoinie,  and  lactic  and  butyric  acid  baciilL 
1  nurslings  the  mouth  and  stomach  contiiin  few  bacteria, 
ci,  and  some  bacilli  of  the  li.  coli  and  B,  Inctis  aerogcru^s 
The  amall  inteatine  containa  remarkably  few  orgaoisma 
me  types.     In  the  large  intestine  bacteria  are  extremely 
I,  particularly  Grani-positive  ones.     These  ate  mostly 
ilighlly  curved,  Wicilli  of  moderate  sii'.e,  the  B.  hifidii^ 
r,  which   often  has  a  bifid  extiomityj  also   i^  somewhat 
r^fiinismj  B.  acidophilus  of   Moro,  but  capable  of   de- 
lu  an  ucid  medium^  a  fe^v  JJ,  Wclchitj  and  a  diiJococcus. 
li-ne^L^ative  forms  are  B.  adt,  JJ,  laiiU  aeroifcHcs,  and 
^>oUl^ej^bildrGU  the  bame  uri/anisina  occur,  but  the 

1 

■ 

BACILLUS   VAOTKyK 


&45 


incroaso  iu  nuinbor  in  inflammatory  conditions,  and  Grarii- 
nogativo  cocci  may  bo  foimd  (sog  p.  222).  The  deeper  portion  of 
the  urethra,  however^  is  free  from  organisms,  and  the  bladder  is 
atorile.  The  gonital  tract  in  the  female  up  to  the  middle  zone  of 
the  cervix  contains  organisms,  but  the  uterus  and  Fallopian  tubes 
are  normally  sterile.  The  B.  vagina  of  Doderleia,  a  largo  Gnun- 
positive  bacillus  capable  of  growing  in  an  acid  medium,  is 
frequently  present  in  conaiderablo  numbers  in  the  \Tigina. 
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|€TERIOIiOOT  OF  WATKIl,  AIRj  AND  SOtL,  AND  THKIB 
EHIOLOcUOAL  examination  —  BEWAGB  —  BACTERIOLOGY 
^[ILK   AN0   FOODS, 

}i  ihft  Commoner  OrgnoiaisB  found  in  the  Air,  Watsr,  And  Bail. 

Irk  BACTEBtoLOfiicAL  Examination  of  Water/ 

'>act.Briolo)Tfiwil  Gsaminatinn  of  water  supplies  affords 

■tiun  of  tht'^-eateHt  value  as  re^arda  Lheir  potal>ilit.y, 

exiiminiitioci  of  water  by  lirictoriologieal  metlnxls 
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blood  heat;  alar)  ot  Borti«  sareitui*  iiml  ;i  few  micrococci; 
B.roli  and  J^,  IVclvhil  are  usually  absent.  When,  however, 
the  water  paases  through  cultivated  lauds,  or  receives 
sewage,  the  number  of  orgaiiisnis  is  enormously  increased  ; 
A  largo  proportion  of  them  liquefy  gelatin  and  develop  at 
blood  heat,  and  B,  coli  and  B.  IVelvkii  appear  more  or  less 
numerously.  Whereas  water  from  shallow  wells  has  a 
bacterial  content  nearly  as  great  as  the  Hurroundinf*  surface 
water,  that  from  deep  wells,  especially  in  the  chalk,  is 
remarkably  free  fiom  organisms.  The  following  table 
illustrates  the  number  of  orKJinisras  that  may  be  met 
with  in  water  from  different  sources  : 


Number  of  Organisms 

Sonrcc 

per  cubic  centimetre 

Freshly  fallen  snow  . 

3-138 

Ice 

(very  variable)  30-1700 

Rain  wfitor  (I'aria)     . 

4-5 

Rhone,  above  Lynns  . 

75 

Rhone,  below  Lyons . 

HOC 

Rhine,  at  Miihlheira  . 

average  about  20,000 

Thames,   at   Hampton    (Frank- 

land)     

(variable)  2000  90,000 

Deep  well  in   the  cb&lk   (Kent 

Company)      .... 

3-19 

Surface  well      .... 

1200 

Spring  water,    Reigate   (Frank- 

land)      

S 

Lake  of  Lucerne 

8  60 

Loch  Katrine  (Frankland) 

74 

Fdtcred     water      supplied      to 

London  (Houston) 

average  rarely  exceeds  100 

yewage  (Frankland)  . 

26,000,000 

The  number  of  bacteria  In  a  natural  water  varies  con- 
siderably  with  its  source,  at  different  seasons,  and  under 
different  climatic  conditions. 
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)  followinjn;  tal>le  iUastratGB  the  seasonal  variatioD :  * 

Avetcujc  Number  of  Microbes  per  ex, 

(Odkiin  ftt  20^^22^  C.)     Coquted  m  ihirJ  day, 

Rato  Wattr— 749  Siimpieft, 


i9  iOF  1000-7 


1907. 


ber 


Rlwjf  Th»m«*  ratr 
viLUirutTlikmpUm. 

»0  ^aHil«a 

ut  PfTOflar's  End, 

1890 

TSU 

1«03 

1801 

9G1 

lew 

laee 

lOfiiS 

493 

8^4 

C«fi] 

1812] 

575 

145S 

SAND   FILTRATION  /i4i» 

source  (river  Ac.)  ib  in  its  best  I'onditioii,  bo  that  foul 
wiiter,  in  flood  time  or  drought,  may  be  avoided.  More- 
over, storage  alone  markedly  diminishes  the  number  of 
organisms,  partly  by  fiubsiidence,  partly  by  hick  of  ai'Tfttion, 
and  partly  probably  owing  to  the  struggle  for  existence 
going  on  among  them. 

2.  ThickntiSfi  of  Fine  Sand  in  the  Filter  Beds. — 
EQicient  sand  liltration  removcB  quite  91>  per  cent,  of  the 
organisms  originally  present.  The  line  sand  only  has  to  be 
taken  into  account  in  estiniating  thu  removal  of  organinms 
and  efficiency  of  a  filter  bacteriologically.  It  probably 
should  form  a  layer  not  less  than  3  feet  to  3  feet  6  inches 
in  thieknesH.  Moreover,  a  filter  bed  is  not  eflkuent  at  (irHt, 
but  becomes  so  when  a  surface  film  formd,  composed  of 
Bedimentetl  particulate  matter^  and  of  a  zoogb^al  mass  of 
bacteria  and  aign?. 

3.  The  Rate  of  Filfraiion.—The  removal  of  organiftms 
is  less  perfect  when  the  rate  of  filtration  is  increased  ;  this 
should  not  exceed  about  1-6  gallons  per  square  foot  per 
hour. 

4.  The  Reneioal  of  the  Filter  Beds, — New,  or  recently 
cleaned,  fiU-tjr  beda  allow  a  greater  immber  of  or^aninms 
to  paHS  through.  The  beds  must  be  cleaned  from  time  to 
time  by  raking  ui>  and  clearing  away  the  surface  layer  of 
sand,  for  as  time  goea  on  the  rate  of  liUralion  becomes 
slower  and  slower,  though  the  bacterial  efficiency  of  the 
filter  beds  does  not  appear  to  bo  reduced  by  prolonged 
use.  The  normal  bacterial  efficiency  seems  to  be  rapidly 
regained  after  cleaning— within  two  or  three  days. 

Besides  storage  and  filtration,  sedimentation,  in  the 
presence  of  fine  particles,  also  effects  a  very  marked 
removal  of  micro-orgaiiismH  from  water.  In  Clark's  process 
for  the  softening  of  waters  ^wssessing  a  considerable  tem- 
porary hardness  (from  the  presence  of  soluble  bicarbonate 
of  lime),  a  suitable  proportion  of  lime-water  is  added,  which 
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whetlier  the  pumps  liave  been  in  ojterfttion,  &c.,  for  Hut^li 

may  markedly  intluence  the  number  of  bacteria  found. 

The  specimen  should  then  be  examined  with  as  little 

delay  as  ponsible,  for  if  allowed  to  stand  for  any  time  a 

large  increaRO  in  tho  number  of  !>at'teria  may  take  place. 

Frankland,  for  example,  found  that  in  distilled  water,  even 

at   the   ordinary  temperature,   organisms   multiply   enor- 

mouHly  : 

Number  of  Organisms  in  1  c.c. 


Hours 
0  . 
6   . 

24  . 

48   . 


1,073 
6,028 

7,202 
48.100 


In  water  of  Rood  quality  the  organisms  arc  found  to 
multiply  much  more  rapidly  during  the  first  few  days, 
aflor  whivli  time  they  become  less  and  less  numeroufl ;  but 
in  very  impure  water  multiplication  ia  slow,  and  the 
number  much  more  persistent.  It  ia  essential,  therefore, 
if  reliable  results  are  to  be  obtained,  for  the  Hpecimen  to 
l)c  examined  at  once.  If  thin  cannot  be  done  the  specimen 
should  be  packed  in  ice;  the  cold  will  then  inhibit  multi- 
plication to  any  extent.  Special  double-chambered  metal 
boxes  are  made  for  this  purpose  :  the  bottle  containing 
the  sample  (not  less  than  GO  c.c, ;  the  writer  prefers  to 
have  not  less  than  200  c.c.)  is  placed  in  the  inner  chamber, 
the  outer  chamber  (which  surrounds  the  inner)  being  filled 
with  a  mixture  of  ice  and  sawdust,  and  the  whole  ia  packed 
in  a  wooden  box  with  felt  lining.  Besides  the  sample 
packed  in  ice,  a  '  Winchester  quart '  of  the  water  may 
also  be  collected  for  examination  for  the  spores  of  the 
B,  Welchii  {enteritidis  sporogeiies). 

The  routine  bacteriological  examination  of  the  specimen 
is  usually  carried  out  according  to  the  following  scheme 
(slightly  modified)  drawn  up  by  a  committee  of  the  Royal 
Institute  of  Public  Health  :  ^ 

•  Jonrn.  Htntt  Med.  xii..  1904,  p.  471. 
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Bactebiological  Examination  op  Wateu. 

'ommitbee  recommended  that  the  miniinal  number 

lures  sboalil  be ; 

inuineration  of  the  bacteria  present  on  a  mefliiim 

incubated  at  room  temperature  (18°  fco  SS''  C) 
earch   for    Bacillus  coli^    and    identification    and 

enumeration  of  this  organism  \i  preBent. 
majority  of  the  commifcte«  recommended  in  addi- 

Enumeration  o!  the  bacteria  present  on  a  mediuni 

incubated  at  blood  heat  (36°  to  38"  C) 
tiearch  for  and  enumeration  of  streptococci, 
IS  not  considered  necessary  aa  a  routine  measure 
li  f or  the  liacilhis  Wdckii  {enter itidissporotienes)^ 
pec'ial  or  exceptional  iiustiLnces  it  may  be  desirable 
li  fi>r  this  organism.     Unloes  examined  within  three 
I  collection  the  sample  must  be  ice-packed, 

T,\    TO    liE    EMPLOYED    FOR    ENUMJinATION. — The  choiCfi 

EXAMINATION    OF    WATER  6m 

the  ultimate  aim  in  water  exaiuination)  nutrient  gelatin 
RivGS  ft  relatively  larger  number  of  colonies  thtm  diatilled- 
water  gelatin,  nutrient  gelatin  fihould  be  used  when  one 
gelatin  only  is  employed.  At  the  same  time,  cultures  in 
distilled-water  gelatin  compared  with  cultures  in  nutrient 
gelatin  often  give  useful  indications.  Thua  with  an  un- 
polluted water  the  number  of  colonies  is  usually  relatively 
larger  in  distilled-water  gelatin  than  in  nutrient  gelatin ; 
with  a  polluted  water  the  converse  is  the  caae.  Tlierefore 
the  use  of  both  gelatins  (distilled-water  and  nutrient)  is 
desirable,  sets  of  plates  being  made  with  nauh  medium. 

A  comparison  of  the  ratio  of  the  number  of  organisms 
developing  at  room  temperature  to  those  developing  at 
blood  heat  also  gives  useful  indications.  With  a  pure  water 
this  ratio  is  generally  considerably  higher  than  10  to  1 ; 
with  a  polluted  water  this  ratio  is  approached,  and 
fi'equently  becomes  10  to  2,  10  to  3,  or  even  less.  The 
actual  number  of  organisms  growing  at  blood-heat  is  also 
of  considerable  value  apart  from  any  question  of  ratio. 
Therefore  plates  of  nutrient  agar  should  also  be  employed 
and  imiubated  at  blood  heat. 

In  certain  instances  it  is  true  that  this  ratio  may  be 
unreliable.  Thus  with  surface  waters,  especially  in  the 
Tropics  (as  pointed  out  by  Horroclis),  varieties  of  the 
B,  jiuorescens  UquefacivHs  and  mm-lifjuefavicna  and 
ii.  liquefaciens  may  be  abundant  and  grow  well  at  blood 
heat. 

Preparation  and  Beaction  of  Media  for  Enumkra- 
TiON. —  (rt)  DisW led' water  Gdaiin.  — Tea  per 
cent,  gelatin  in  diatiUed  water*  and  brought  to  a 
reaction  of  +  10  (Eyre's  scale). 
(h)  Nutrient  Geiafirt. — Ten  per  cent,  nutrient  gelatin, 
preferably  made  with  meat  (beef)  infusion  and 
Witte's  peptone,  and  brought  to  a  reaction  of 
+  10  (Eyre's  scale). 
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lot  weather  it  may  be  necessary  to  increase  the 

i^G  of  gelatin  to  15  or  20. 

^'or  enumeration  at  blood  hes^i  nutrient  agar  should 

he  employed,  being  prepared  with  the  Sjime  con- 

stituenta    as   nutrient    gelatin,   but  siibBtituting 

li  per  cenL  of   powdered  agar  for  the  gelatin. 

Reaction  +  10. 
DiMilled-wa ter    Agar.  —  Powdered    agar    1  \    per 

cent.,  dissolved   in  distilled  water,  and  brought 

to  a  reaction  of  +  10. 
ig  to  the  changes  which  occur  in  the  reaction  of  the 

on  koe^ungj  the  media  employed  sboukl  preferably 
iiore  than  three  weeks  old. 

I MS  TO  iJE  pLA.TEn,  SizE  OF  DiSHBS,  tVc. — Gelatift^ — 
hvdiiijiry  \v.'Ltf!T  amounts  of  0'2,  0'3,  nnd  O'^t  c.e.  may 
d  in  IVh  i  diHliBs  of  not  leHs  than  10  cm.  diameter^ 
ly  thmo  In  duiilieate, 
'■,-  Twn  pl:ites  may  be  made  -with  0-1  and  0-5  c.c, 

1 

■ 
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The  sample  muHfc  be  thoroughly  shaken  and  mixed  in 
all  ciiBes  before  platin^^. 

In  Bxamining  an  ordinary  drinking-Wfttcr  there  is  no  need 
over  to  dilute.  As  1000  or  1500  colonies  can  be  counted  in  a 
plate,  and  if  the  number  on  a  plate  should  be,  owing  to  crowding, 
uncountable,  ipso  facto  this  would  be  sufficient  to  condemn 
without  an  actual  count.  Dilution  is  necessary  when  dealing 
with  river  or  other  water  known  to  be  pollutedj  and  of  which  an 
estimate  of  the  number  of  organisms  present  ts  desired.  In 
order  to  count  the  colonies  if  very  mimerous,  ink  linos  may  be 
drawn  across  the  bottom  of  the  Petri  dishes  so  as  to  divide  them 
into  sectors.  Kulcd  paper  discs  (Pakea's  discs)  upon  which  the 
dishes  are  placed  can  also  be  obtained.  The  colonies  in  the 
sectors  are  then  much  more  easily  counted ;  or  if  the  colonies  be 
very  numerous  and  evenly  distributed,  the  number  in  two  or 
three  of  the  sectors  may  be  counted,  and  the  total  number  on  the 
plate  estimated  by  calculation. 

Temperature  op  Incubation. — (a)  Room  temi>orature 
=  ISno  22"  C.  (gelatin  plates),  {b)  Blood  heat  =  36"  to  38"  C. 
(agar  plates). 

Counting. — Counting  to  be  done  with  the  naked  eye, 
preferably  in  daylight,  any  doubtful  colony  being  deter- 
mined with  the  aid  of  a  lena  or  low-power  objective. 

Time  of  Counting, — Gelatin  plates  should  be  counted 
at  the  end  of  seventy-two  hours  ;  but  in  all  cases  the  plates 
should  be  inspected  daily,  in  order  that  the  count  may 
be  made  earlier  should  liquefaction  render  this  necessary. 
The  number  of  Itquefymg  colonies  should  also  bo  noted. 

The  blood-heat  agar  plates  should  he  counted  at  the  end 
of  forty  to  forty-eight  hours. 

Search  for  Bacillus  coli, — Method. — The  committee 
recommend  either  (a)  the  glueose-fonnate  broth  method 
of  Pakes,  or  (6)  the  bile-salt  medium  of  MacConkey.  The 
writer  usually  employs  the  latter. 

Incubation  auaerobieally  at  •^2"  C.  increases  the  chances 
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MH    with    either  medium,  and   is  Btron^Iy  recom- 

iiButral-red   (Griibler's)  glucose  Lroth  medium   is 

■iloyed  by  some, 

L'tirietti  method  (carbcUhydrochloric  acid  broth), imd 
:)f  carbolic  acid  media,  are  now  practically  given  up. 
TiTY   OF  Water   to    be   Examin^p.— As  a  routine 
:iould  be  the  minimal  quantity  examined   for  the 
of  the  Bacillus  colif  (juantities  from  a  minimum 
?,  to  ft  maximum  of  25  c.c.  being  added  to  the  tubes 
0  media. 

prf^fenible  to  add  the  water  directly  to  the  tubes  af 
uedium,  even  with  the  larger  amounts,  rather  than 
oncentrate  by  filtration  through  a  porcelain  filter     ^-_ 
r-brunhiiig  molhod,  \k  HIU),      The  culture  media 
inded  may  be  diluted  with  at  leaat  au  equal  volume 
water    without    futerleriiifx    with     their    t^ulttiral 
!S,  and  hirgtA  tubeB  or  Rmall   Ilasl;s  may  he  used  for 

EXAMINATION    OF    WATEU 
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If  the  medium  shuwH  chanjjos  (aciil  +  j^nw)  suggestive  o£  the 
presence  of  Ji.  atUt  it  is  only  prt'sumplivf.  ovidenco  of  the 
presence  of  fchia  organiara.  Occasionally  other  or^nnisnis  produce 
a  flirailar  change,  e.g.  IJ,  hnUis  aeroijema,  B.  cloacie.  Hence  the 
uoccssity  for  the  isolation  and  identilicatioQ  of  the  organism  as 
rocommended  in  the  next  section. 

Isolation  OF  BACiLLtrs  colt,  if  phesbnt,  — If  indications 
of  the  presence  of  the  Bacilhis  coJi  be  obtained  in  the  pre- 
liminary cultivations,  the  organism  must  be  inolated  and 
ideufcilietl. 

Thia  may  be  done  by  making  surface  cultures  on  plates 
(sloping  tubes  generally  suHice)  of  either  (a)  litmuH  lactose 
agar,  reaction -f- 10 ;  (6)  litmus  lactose  bile-salt  agar;  (c) 
Conradi  and  Drigabki  agar ;  or  [d)  ordinary  nutrient 
gelatin. 

The  best  medium  of  all  ia,  probably,  the  nutrose  agar 
of  Conradi  and  Drignlski  (see  p.  509).  Agar  media, 
incubated  at  87''  C.^  have  the  advantage  of  saving  time. 

Identification  of,  and  Tests  for,  the  Bacillus  coli. — 
Having  obtained  coli-like  coloniee  on  the  plates  made  from 
the  [ireliminary  cultivations  of  the  watar,  suljtiultures  must 
be  made  in  order  to  identify  the  organism.  The  following, 
at  least,  should  be  made  (see  also  p.  35S^) : 

(a)  Surface  agar  at  37"  C.  The  abundant  growth  so 
obtained  enables  many  subcultures  and  prepara- 
tions to  be  made  if  required. 

{b)  Stab  aztd  surface  ciilturoH  in  gelatin.  Thia  may  be 
done  in  the  same  tube. 

(c)   Litmus  milk  inrubated  ni  37"  C. 

{d)  Glucose  litmus  mt^Jium. 

(e)   Lactose  litmus  medium. 

(/)  Peptone  water  for  indole  reaction. 

CuAUACTKitH  OF  tHK  TvpTCAL.  Bacillus  ooli  (uccordlng 
to  the  committee). ^The  Bacillus  coli  is  a  small  motile, 
non-sporing  bacillus,  growing  at  87"  C,  as  well  as  at  r 
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Lure.     The  motility  is  well  observed   in  a  voiin^ 

in  i\  Huid  glucoBG  medium.     It   ia  decolorized   hj 

method  of  staioing.      It   never   liquefies   gelatin, 

gelatin  cultures  should  be  kept  for  at  leaat  ten 

order  to  exclude  a  liquefying  bacillus.     It  forma 

thin  Kurface  growths  and  colonies  on  gelatin,  not 

Led,  growing  well  to  the  bottom  of  the  atab  (faculta- 

-i'robe). 

-ijducea  permanent  acidity  in  milk,  which  is  curdled 
seven   days   at   137^  C.     It   ferments   glucose    and 
with  the  production  both  of  aeid  and  of  gas. 
merally  also  forms  indole  (beet  obtained  in  peptone- 
idtures),  gives  a  thick  yellowish-brawn  growth  on 
greatly  dependent  on  the  cliaracter  of  the  ].>otato), 
lOH  (about  50  per  i^eut.)  ferments  saccharose,  (.changes 
red  (Grnbler'a),  and  reduces  nitrates,  and  half  the 
iluced  l^y  H  from  f;lucGSG  is  itlhsorbuble  by  KOH  ; 
8e  testa,  if  time  and  (opportunity  [lermit,  may  be 

h'tl   111  n.i"li1  it,ii ]Ti   lo  liliii-'  ff >rf^<Tnin T  tspi*  itlun  ii    !^J^f1i] 

EXAMINATION   OV   WATt-R 
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thosfl  tubes  gives  also  a  ([uaiititiitive  vnliie  to  the  exixmina- 
tion,  just  fis  in  the  case  of  B.  coli,  and  the  result  olttained 
HhoLiUi  ha  Htateil.  The  Htreptococci  nhfuild  ho  iwdliikid  (best 
carried  out  on  Conradi-agar  plates),  and  their  characters 
detrrrnined. 

According  to  Houston  {he,  cl^),  ffeces  contain  at  least 
100,000  streptococci  per  grain.  The  type  of  streptococcua 
generally  present  is  one  formlns:  short  chains,  producing  a 
untform  turbidity  In  broths  acid  and  clot  in  lituius  uiilk  within 
five  days  at  87°  C,  and  non-pathogonic  for  mice.  (Bee  table, 
p.  2U.) 

Bacillus  Wblchii.  -  Ah  already  Btated,  it  is  not  essential 
as  a  routine  procedure  to  search  for  the  Bacillus  Welchii 
{cttlrritidis  sporoffenc.s),  though  in  certain  instaiu'es  it 
may  be  of  advantage  to  do  so.  A  negative  result  in  such 
cases  is  probably  of  more  value  than  a  positive  one. 

Fnr  the  isolation  of  B,  Welchii^  500  o.c.  of  the  water  may 
fao  filt*irod  through  a  Pasteur- ChamhorUuid  filter,  the  dopoftit 
susponded  in  fi  to  (J  c.c.  of  sterile  water,  and  1  e.c.  of  the 
suspension  added  to  each  of  five  to  six  tubes  of  sterile  inilkf  which 
are  then  heafcod  Uy  80'' C.  for  ten  mimibea  in  a  water-bath,  and 
incubated  anaorobicaHy  at  H*J'  C.  for  forty-eight  hours  (rtller- 
brushing  method).  A  bettor  method  '  is  to  employ  larger  boiling- 
tubes  or  small  Erlenmeyer  flasks,  each  containing  25  to  50  e.c. 
of  sterile  milk.  To  each  tube  a  quantity  of  water  equal  to  that  of 
the  milk  is  added,  the  tubes  arc  then  hoate<l  in  a  water- bath  to 
Ii0°  C.  for  fifteen  to  twenty  miuutes^  some  sterili/.od  oil  or  melted 
vaseline  is  ponced  on  the  surfaco  to  exclude  air,  the  tnlu'H  are 
c  joled  iu  water  t )  37°  C.  or  thereabouts,  and  incubated  for  forty- 
eight  h  jurs  at  37°  C.  Not  less  than  203  c.c.  of  the  water  should 
be  used.  The  typical  chantro  in  the  milk  (see  p.  408)  indicates 
the  probable  presence  of  the  organism.  To  make  sure  that  the 
change  is  duo  to  the  B.  WdrJiii,  and  not  to  the  C.  buttfricnmf 
1  c.c.  of  the  whoy  per  100  grama  of  body  weight  should  kill  a 
guinea-pig  in  forty-eight  hours  when  injected  subcutaneoualy. 
'  R.  T.  Hewlett,  Trans.  Path.  Soc.  Tjond.  U.,  I'.lO-l.  p  V2X 
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7iruknc€  of  a  Peptone-water  CiUlnre  has  been  anggesteJ 
dox  of  contamination,  but  in  the  writer's  bands  hjia  not 
lable  results.     If  sufficient  peptone  and  salt  be  added  to 
ed  volume  of  the  water  to  farm  a  1  per  cent*  solution  of 
er  and  ft  4  per  cent.  soUition  of  the  Uttar,  the  mixture 
i  at  97"^  C,  for  twenty-four   hours   and  injected  intra- 
i.lly  int  J  a  gninoa-pig,  a  bad  water  is  stated  to  kill,  whereas 
no  does  not.     Tbo  amount  to  be  injected  is  2  c.c.i  and 
ould  ensue  within  forty-eight  hours, 

rtrRHTATioK  OF  EBsiTLTB.^The  interpretation  of  the 
if  the  bRcterioaeopic  nxamination  of  water  is  a  diflS- 
tter,  for  which  experience  is  necsBBary.     Just  aB  in 
1  analyflis,  it  is  hardly  poasible  to  lay  down  an       _^ 
;   Btiindard,  a   knowledfje  of   the  source  and  Bur* 
n;  conditioutj  bein^  of  thi.^   ^reatehit  importance  in 

an  cipiniun.     The  uUiniiite  aim   is^  of  coiu'slj,  the 
ri  of  fcewage  or  fa>cal  polhition  ;  the  hacterioscopic 

docs  not  give  nny  information  as  to  the  Kiiitability 

INTEKPRETATION    OK   UESULTS  rM 

Number  of  Coloides  on  the  Agar  Plates, —  Ab  men- 
tioned before  {see  p,  555),  it  Ih  Lho  ratio  of  the  number  of 
organisms  developing  on  the  agar  plates  to  Ihose  develop- 
ing on  the  gelatin  plates  that  is  of  importance.  In  a  2>urG 
water  this  is  generally  considerably  less  than  1  to  10 — 
e.g.  1  to  20,  30,  or  40— while  in  an  impure  water  the  ratio 
becomes  1  to  8,  6,  3,  or  more. 

Number  uf  B,  coli, — The  detection  of  the  IL  coli,  and 
particularly  its  enumeration,  are  regarded  by  all  as  perhaps 
the  most  important  part  of  water  examination.  The 
number  of  Fi.  roJi  ia  cBtiraated  from  tlie  amounts  of  water 
that  have  been  added  to  tite  tubes  of  media,  whidi^  how- 
ever, aflsumes  that  the  organism  is  regularly  distributed 
throughout  the  sample,  and  must,  as  far  as  possible,  be 
ensured  by  thorough  mixing.  The  results  generally  come 
out  fairly  concordantly,  tfiough  irregularities  exceptionally 
occur  which  can  only  be  obviated  by  malting  duplicate  Bets 
of  cultures.  If  the  tube  to  which  U'l  i*.c.  of  the  water  has 
l^en  added  shows  the  characteristic  changes  (according 
to  the  medium  employed)  due  to  the  B,  coli,  and  this 
organism  is  proved  to  be  present,  almost  certainly  all  the 
other  tubes  will  similarly  contain  the  B,  coli,  and  this 
would  indicate  that  at  least  ton  It.  coll  were  present  in 
1  c.c.  of  the  water  (in  dealing  with  waters  known  to  be 
polluted,  ipiantities  less  than  those  suggested  would  be 
employed).  If  the  0*1  c.c,  tube  does  not  change,  but  all  the 
others  do,  this  would  indicate  that  at  least  one  B.  coli, 
but  less  than  ten,  were  present  in  1  c-c. ;  if  one  of  the 
10  c.c,  tubes  and  the  25  c.c.  tube  change,  then  B,  roli 
would  be  present  to  the  amount  of  one  in  20  c.c. ;  if  none 
of  the  tubes  changes,  there  would  be  Iohs  than  one  B.  coli 
in  50  c.c,  and  so  on. 

If  less  than  one  B.  coli  be  present  in  50  c.c.  of  the 
sample^  the  water  is  generally  regarded  as  one  of  consider- 
able purity.    If  more  than  this  be  present,  the  interpretation 
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much  oil  the  Bource.    If  tbis  be  unknown,  Pakes  ' 

A    that  waters   containing  B.  coU  in   20  c.c.  or 

lould  be  condemned,  and  tbiit  which  contains  the 

\m  in  any  quantity  between  20  c.c,  and   60  c,c.  be 

jiH   suspicious.     Savage '  came  to  the  following 

Itons  : 

rs  which  show  no  B.  coli  in  50  c.C  aro  of  a  high  deg^o 
\y,  and  therefore  the  proved  libsenee  of  this  organism  in 
uuat,  and  still  better  in  larger  quantities,  is   of  great 


bli  should  be  abaent  from  at  len.st50c.C'  oF  spring  or  deep 
[er,  poflaibly  from  gcnater  unictints, 
ipland  surface  waters  the  prosence  of  B.  coli  in  40, 
ea  S  or  1  c.c.  means  cootainiofition,  but  not  nccesisarily 
iiination  which  it  is  usseutiwl  to  provoiit.  It  may  be 
[itaminjitioti  with  the  escrcta  lA  miiniftls  grtum*^  on  tht! 
ttFt*a3,  and  is  by  no  uieana  necessarily  from  aowage  or 
^riiil  containing   specific  organisms  of   iDfoction.      If 
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typhoid  bacilli  have  been  detected  '  is  of  little  value.  It  k  on 
the  general  results  of  the  examination,  as  detailed  in  preceding 
pages,  that,  a  conclusion  is  arrived  at  respecting  the  purity  or 
otherwise  of  a  water. 

liacillus  Welch iL — This  organism  being  abundantly 
present  in  fflBces  and  sewage,  its  presence  in  water  has 
been  suggested  as  an  indication  of  pollution.  Its  Bpores, 
however;  are  very  rcHtstftnt,  and  it  might,  therefore,  ^(ain 
access  to  the  water  in  ways  other  tliau  by  direct  i)ollution — 
e.g.  in  dust — and  for  this  reason  the  committee  did 
not  recommend  the  aearch  for  this  organism  as  a  routine 
procedure.  On  the  other  hand,  Thresh^  lays  a  good  deal 
of  stress  on  it,  and  the  following  are  standarda  suggested 
by  him,  based  on  an  examination  for  and  detection  of 
IJ,  coll  and  B.  Wclchii. 

1.  Waters  showing  the  absence  of  organisms  capable  of 
fermenting  glucose,  and  of  the  B.  Wclchii.  These  we  regard  as 
being  free  from  any  evidence  of  pollution. 

2.  Waters  showing  the  absence  of  organisms  capable  of 
fermenting  glucose,  but  containing  the  B,  Wclchii^  or  its  near 
ally.  In  the  few  cases  of  this  kind  which  have  come  under  our 
observation  we  have  inferred  the  absence  of  sewage  pollution,  but 
the  possible  presence  of  water  derived  from  fertile  soil.  This 
inference  has  been  verified  on  more  than  one  occasion. 

y.  Waters  containing  organisms  capable  of  fernionLing 
glucose^  but  not  lactose,  but  free  from  the  spores  of  thoJ^.  Wfkkii, 
These  are  regarded  as  unpolluted. 

4.  Waters  differing  from  No.  .S  only  in  containing  spores  of 
the  B,  WeichlL  These  we  regard  aa  free  from  sewage  pollution, 
but  as  probably  containing  soil  washings. 

G.  Waters  containing  lactose  fermenters,  none  of  which 
belongs  to  the  Bacillus  cvli  gr(;up,  and  free  from  the  spores  of  the 
B.  Wvlchii,  These  we  regard  as  not  being  aewiige-polluted,  but 
as  containing  surface  water  or  subsoil  washings. 

(j.  Waters  resembling  No.  5^  but  containing  the  spores  of  the 

•  Public  Health,  1904. 
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hii.     These  waters  are  usually  from  a  sonroe  requiring 
vHtchJiLg,  manurial  matter  probably  b&lng  need  on  the 
j;  11  reft. 

aters  containing  organisms  oE  the  colon  gniup  other  tbau 
di,  but  no  spores  of  the  B.  Welchii*     These  w©  do  cot 
H  dangsroui^ly  polluted,  but  aa  probably  coming  from  a 
ich  as  that  referred  to  under  No*  C. 

'liters  containin^f  organisms  of  the   colon   group   other 
1  /i.  coliy  and  also  sporea  of  the  B   WelchiL     Pollution 
If  but  ftossibly  from  a  source  not  close  at  band.     The 
'  for  fref]uent  examinatiion  is  necessary^  especially  after 
linH,  as  such  waters  usually  sooner  or  later  show  more 
ii^HH  yf  pollution, 

"iitL^ra  containing  the  true  B.  colif  but  no  sporsa  of  the 
hit,     Huch  waters  are  occasionally  met  with.    No  opimon 
xprcaaod  without  an  intimate  knowlod^o  of  the  aourco. 
!  hiid  suL'h  watur  from  n  simrce  alssohituly  free  from  the 
tifs-^  i*i  cootaiiiinaLiuii,  but  usuiLlly  subi^equent  examina- 
ruvnJed  tho  prt-Mt^nco  of  the  spur-Ga  of   the  B.  Wclchii. 
\injity  of  launurfi'd  s\n\  h  Airon^]y  indicated. 
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There  can  be  no  doubt  of  the  value  of  the  bacteriological 
examination  of  wuter,  but  it  cannot  entirely  suppluut,  chemical 
analysis,  which  uu  account  of  its  mpiditj  and  the  valuable  data  it 
yields  will  probably  always  remain  an  integral  part  of  the  examina- 
tion of  potable  waters.  If  the  water  be  pure  and  uncontaniinatod, 
the  bacteriological  examination  will  occupy  three  days  ;  but  if 
contamination  bo  present,  though  it  may  be  jrresumed  in  the 
saraa  time,  ten  days  or  a  fortnight  may  bo  required  to  convert 
tbis  presumption  into  a  certainty^  owing  to  the  length  of  time 
necessary  for  determining  the  characters  of  the  lactose- fermenting 
organism  present. 

Media  Employed  fob  the  Isolation  of  B.  coli. 

1.  Carholizcd  OV'/zi/m.— Ordinary  nutrient  gelatin  with  the 
a<idition  of  0-05  per  cent,  of  phonoL     (Hardly  uHfd  now.) 

2.  Iiil€-&aU  Peptone  Water  (MacConkey  and  Hill).  —  The 
composition  of  this  medium  is  as  follows:  Sodium  taurocholate 
O'G  gram^  glucose  or  lactose  0-6  1*0  gram,  poptonci  iJ*0  grams, 
Waterloo  c.c.  The  constituents  are  dissolved  by  hwiting;  the 
mixture  is  filtered,  and  after  filtration  suiEcient  neutral  litmus 
solution  is  added  to  give  a  distinct  colour.  The  medium  is  tben 
distributed  into  Durham's  fermentation  tubes  and  sterili/.ed  by 
steaming  for  twenty  minutes  on  three  successive  days.  The 
medium  may  be  put  up  in  various  sized  tubes,  a  measured 
volume  in  each  —e.g.  10  c.c,  20  c.c,  25  c.c,  ttc,  according  to  the 
(limntity  of  water  which  is  to  be  added.  For  the  larger  ijuautities 
the  medium  may  be  nmdo  double  the  above  strength.  The 
inoeuhited  tubes  are  incubated  at  12'  C.  for  forty-eight  hours. 
The  -B.  coli  reddens  and  fennenis  Imth  the  glucose  and  lactose 
media,  so  that  gas  collects  in  Iho  fermentation  tube. 

In  the  routine  examination  of  water  the  lactose  medium  is 
preferable. 

3.  Neutral-red  Broth  (Hunter,  llakgiil,  Savage). — The  dye 
known  as  neutral  red  (Grijbler's)  is  reduced  by  the  action  of  the 
B,  coUj  the  colour  changing  to  a  canary  yellow,  acconijian  ied  by 
a  green  tluorescenco.  The  IJ.  enterilidis  ((iarlner)  also  reduces 
neutral  red,  but  the  D.  typhostm  doeit  not  do  so,  nor  do  strepto- 
cocci, B,  pi/ucyaneitSj  and  Spirillum  choUru.     Some  anacrob 
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;S8  a  reducing  action.     Glucose  agar  or  broth  (0"5  per 
lucose)  is  employed,  and  to  every  10  c,c,  of  the  m(^um 
A  a  0'5  per  cenL  aqueous  solution  of  neutral  red  iu 
Savage  recommends  tho  followizig   proc^ure:    10  c,c. 
iter  are  added  to  a  10  c.c,  tube  of  netitcal-red  broth  ; 
)  c>c.  of  the  water  contained  in  ft  bottle  or  flask  a  10  c.e, 
Lhe   broth  of  qitadruplG  strangth  is  added.     Both  aro 
at  S7°  C,  and  examined  daily  up  to  eight  days.     If 
occurs,  B.  cull  is  almost  certainly  present  in  the  water  ; 
on  do&B  not  occur,  ifcs  presence  ia  highly  improbable. 
licose    Formate    Broth    (Pakes).— To    ordinary    meat 
1  pec  cent,  jieptone,  0-5  pep  cent,  sodium  chloride,  2  per 
osoj  and  0'4  per  cent,  sodium  formate  are  added.    When 
0  been  dissolvetl  by  heating,  the  medium  is  neutralized 
,   litmus),  and   after   neutralization   2   c.c,    of   normal      -^^ 
oda   solution   per  litre   are  added;  the  broth    is   then 
for  t^Vi'nty  itunutt?Sj  filtored,  liud  distributed  into  test- 
c.c.  in  each,  which  are  stemmed  for  twt'uty  minutes  ou 
jree  successive  days.     These  tubes  are  inoculated  with 
.  und  incubated  anat-robically  at  12°  C.  for  twenty-fnur 
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6.  Conrad  i-Drigahki  Agar. — Mixture  A -To  1  litre  of  acid 
beof  brotb  (p.  46)  add  : 

Witte's  poptanc 10  grams 

Nutrose 10      „ 

Sodiimi  chloride »^'      » 

Steam  for  one  hour,  and  add  25  grams  of  powdered  agar,  fiteam 
fur  three  hours,  bring:  to  a  reaction  of  +  10,  and  filter  through 
'papior  Chardin.' 

Mixture  B, — Boil  for  a  few  minutes  100  c,e.  of  Kubel- 
Tinmnnn's  litmus  solution,  add  lo  grams  of  pure  powdered  lactase, 
and  boil  attain  for  a  few  minutes. 

Add  B  to  A,  and  to  this  inixturo  add  2  c.c.  of  a  hot  10  per 
cent,  solution  of  anhydrous  sodium  carbonate  and  10  c.c.  of  a 
O'l  per  cent,  solution  of  krysfcal  violet.  The  medium  is  then 
tubt+d,  10  c.c.  being  placed  in  each,  test-tube,  and  sterilized. 

In  using  the  medium  it  should  be  employed  as  surface  plates. 
The  required  number  of  lubes  are  melted  in  a  wuter-liatb,  and 
their  contents  poured  out  into  sterile  Petri  dishes  and  allowed  to 
set.  These  sterile  platen  are  then  placed  in  the  warm  incubator 
for  an  hour  or  so  with  the  lids  slightly  tilted  iit  one  edge,  so  that 
the  surface  of  Ibo  medium  may  dry  somewhat.  The  matter  to  be 
plated  is  suQicioutly  dilutod»  and  from  a  few  drops  to  0*5  c.c.  are 
run  on  to  the  surface  and  spread  by  means  of  a  glass  rod  bent  into 
a  flnttened  hook,  and  sterilized  by  boiling.  On  this  medium  in 
forty-eight  hours  B.  coli  forms  largo  red  colonies,  B.  typliom^ 
and  B.  dysaiterhe  suiall  blue  colonies,  and  streptococci  small 
delicate  red  colonies.  Other  organisms  are  to  a  large  extent 
inhibited  from  de%^eloping, 

7.  S.D.S.  Bcbipeliujar  (Houston). — '  Rebipelagar  *  has  been 
much  used  by  Ilouston  '  for  the  isolation  of  B.  coli.  It  has  the 
following  composition :  Agar  iiO  grams,  taurocholato  of  soda 
5  grams,  lactase  10  grams,  neutral  rod  i  c.c.  of  a  1  per 
cent.  Rohition,  peptone  20  grams,  water  1  litre.  The  S.D.S. 
rel>ip«ilagar  has  the  following  composition :  Agar  20 
taurocholate  of  soda  5  grams,  lactose  2*5  grams,  ne 
4  c.c.  of  a  1  per  cent,  solution,  peptone  20  grams, 
2'o  grams,  dulcitol  2'6  grains,  salicin  2'fi  grams. 

*  First  Itep.  on  RcMarch  Work,  Met.  Water  Board,  IS 
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I  Isolation  of  Specific  Obganismb  pbom  Watek. 

»pincii>fll  diaease-producing  organiams  conveyeti  by  WAtor 
'.  tj/pIiosuSf  B,  para  typhosus,  B.  dyscntericej  and  SpirU- 

Isolation  of  D.  typhosus,  B,  PAHATVPHOSua,  aj«d 
rrKRiJi;  fiiom  Wateu.— There  is  very  great  difficulty  in 

the  B.  tr/phosus  from  water  that  haa  been  very  copiously 
latefi  with  specifically  polluted  sewag©;  there  19  oven 
iitliGuUy  in  detectiiig  it  when  the  specific  poUutioii  has 
till  iu  amount,  The  earlier  records  of  tho  isolation  of 
/jihoana  luuhI  bo  accepted  with  much  sceptictstu,  a^  tbe 

of  iduDtiticatioii  were  fomierly  incomplete  and  un- 
l>rv\     It  ia  noceBsary  to  bear  in  mind  that  usually,  when 

wat^?r  has  siiffered  aewage-pollution,  the  amount  of  the 

m   rt^lativoly   very  minute  when   compared  with   the 

Ilk  iif    tliu  water  siippty,      MoreovoF,  allowing'  ten  daya 

t-nii,'!^  iriLuljiitinn  period  of  typhoid  inxi'T,  another  ytCtek 
\u'  digojiSL;  eotises  arnlt-r  notice,  iinil  another  week  lK?foro 
hat  an  epidemic  is  in  pro^'russ  is  recognized,  at  Icjist 


ISOLATION   OF    H.   TYFHOSUS  571 

in  a  few  c.c.'b.  Practically,  however,  a  larrjo  proportion  of  the 
orgatiisni3  are  lost  in  the  process  ;  perhaps  they  get  carried  into 
and  remain  in  the  giiperticial  layers  of  the  filter-candle,  and  for 
this  reason,  though  sometimes  employed,  this  method  has  been 
largely  given  up. 

2.  Concentration,— W .  J.  Wilson  ^  has  devised  the  following 
method:  The  water  is  placed  in  one  or  two  Winchester  quart 
bottles,  and  10  c.c.  of  nutrient  broth  are  added  for  every  litre. 
The  bottles  are  placed  in  a  water-bath  maintaineil  at  H7*'  -10^'  C, 
and  are  connected  by  rublxT  corks  and  tnbin;^  with  a  condenser 
(at  B  lower  level)  through  which  cold  water  continuously  passes, 
and  the  tube  of  the  condenser  is  connected  to  a  large  bottle 
(at  a  still  lower  level).  This  bottle  is  kept  partially  exhausted 
by  means  of  a  iilter-pump.  The  water  evaporates  and  is  thus 
cxjncentratedi  the  evaporated  water  being  condensed  and  is 
collected  in  the  exhausted  bottle.  It  requires  twenty-one  to 
twenty-two  hours  to  evaporate  a  litre  of  water.  The  water 
renmining  in  the  lioLtles,  now  concentrated  to  a  few  c.c.'s,  is  then 
plated  on  Conradi-Drigalski  or  malachite-^reen  agar. 

H.  Chemical  Precijntaiion.—ThvHG  methods  depend  on  the 
formation  in  the  water  of  a  fine,  inert  pre€ipiti\te,  which  entan*>;Ie5 
and  carries  down  with  it  a  large  proportion  of  the  Iwicteria 
present.  Thu-s  in  the  Vallot-Schiider'^  method,  to  2  litres  of  the 
water  are  added  20  c.c.  of  a  7'75  per  cent,  solution  of  sodium 
hyposulphite  and  20  c.c.  of  a  10  per  cent,  solution  of  lead 
nitrate.  The  precipiUite  it;  allowed  to  settle  or  is  centrifugalized 
oS,  is  dissolved  in  a  small  volume  of  a  saturated  solution  of  the 
hyposulphite,  from  which  plates  are  made  in  suitable  media. 
Ficker'  uses  ferrous  sulphate  after  making  the  wati,r  faintly 
alkaline  with  caustic  soda ;  the  ferrous  hydrate  formed  carries 
down  the  micro-organisms  (this  niUHt  be  a  risky  procedure,  as 
the  typhoid  bacillus  is  very  sensitive  to  caustic  alkalies).  Iron 
oiychloride  may  also  be  used  as  the  precipitant.  H.  S.  Willson 
(loc,  cil.)  employs  alum.  A  stock  solution  (^f  alum  is  prepared, 
containing  10  grams  i)er  100  c.c,  and  of  this  suftident  is  added 

'  Urit.  Med.  Joum.  1907,  i.  p.  llVti. 
«  Zeihchr./.  lly^j.  xlii.  Ni>.  a.  p.  '611. 
■  Byfj.  Rundaehatt,  xw.  No.  1.  11>04,  p.  7. 
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to  tho  water  to  obtain  0'5  gram  to  the  litre.  After  the  precipi 
tate  of  aluuiinium  hydrate  has  formed,  the  vessel  is  well  shake 
to  mix  its  contents,  and  the  mixture  is  centrifugalized  for  Miee 
minutes  at  2000  revolutions  per  minute.  The  dear,  supematas 
fluid  is  then  syphoned  or  poured  carefully  off  from  the  pr«cipi 
tate,  and  the  mass  of  precipitate  in  the  conical  extrenaity  of  tb 
tube  stirred  up  with  the  little  fluid  (0*5  to  1  c.c.)  remaining 
Tho  suspension  is  then  plated  out  on  Gonradi-Drigalski  or  mala 
chitc-groen  agar.    This  sooms  to  be  a  very  promising  method. 

4.  Scrum  Atjifluti7Mtion. — An  antityphoid  serum — theserun 
of  an  animal  which  has  l>een  inoculated  several  times  with  th 
typhoid  bacillus,  having  the  power  of  agglutinating^  typhoit 
bacilli — if  added  to  a  water,  would  presumably  agglutinate  anj 
typhoid  bacilli  into  masses  which  will  sediment  or  may  bo  cen 
trifu<^'ali/od  off.  The  method  has  been  used  by  Schepilewsky, 
who  adds  10  to  20  c.c.  of  the  water  to  flasks  containing  50  c.c 
of  nutrient  broth,  to  wliich  after  three  or  four  days'  incabatioi 
at  S7°  C.  an  addition  of  tho  typhoid  serum  is  made,  and  aftci 
standin*^'  for  some  hours  and  centrifugalizing,  the  deposit  i& 
plated  out. 

h.  Method  of  I'Jnruhment,"  -The  principle  of  this  method  is 
to  devise  a  medium  which  shall  allow  of  the  multiplication  of 
the  typlioid  iuicillus,  and  at  the  same  time  prevent,  or  at  least 
retard,  the  j^rowth  of  JJ.  loli  and  alhod  forms.     Almost  all  the 
motliods   which   have   been   introduced    for    this    purpose    fail, 
inasmuch  as,  thr>ugh  they  inhibit  tho  growth  of  a  great  many 
orf,ainirtius,  they  do  not  inhibit  the  growth  of  the  B.  colt,  or,  if 
they  do,  inhibit  the  Ji.  tyjjiiosns  to  a  atill  greater  degree.     Roth  * 
found  that  caffeine  in  broth  would  retard  B.  coliy   but   allow 
L'.  iyphosiia  to  multiply.     Tho  nietliod  has  been  further  elabo- 
rated by  Hoffmann  and  Ficker,"*  who  convert  the  water  itself 
into  a  nutrient  nu>diuin  by  tlie  addition  of  1  per  cent,  of  nutrose 
O'u  per  ct^nt.  caffeine,  and  0001  per  cent,  of  krystal  violet.     The 
mixture   is   incubated  at  87"^  C.  for  not  more  than  twelve  to 
thirteen   hours,  at  the  end  of   which   time  the  typhoid   bacilli 

'   Ccnir.f.  liaUt.,  (Jrig.  xxiJi.  No.  o,  1903. 
-  ////;/.  liumlschiiu,  xiii.,  l!»0.*t,  p.  4H',». 
=*  I  bid.  xiv..  li(0(,  p.  1. 
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sboulfl  havo  imiltipliod  to  such  an  extent  as  to  permit  of  direct 
isolation  by  plating,  the  B.  colt  being  inhibited.  Many  observers 
have  shown,  however,  that  while  caffeine  may  materially  help,  it 
cannot  be  entirely  relied  on  to  eliminate  B.  coli  and  allied  forms, 

0.  Proce&a  of  Cambier.  —  CamUier  '  baa  devised  a  process 
based  on  the  idea  that  an  actively  motile  orj^anlsm  will  lind  its 
way  throii^'h  the  pores  of  a  porcelain  filler  murti  quickly  than 
feebly  or  nou-motile  forms.  Fits  proecflure  is  to  make  u^e  of  a 
Hptjcial  alkaline  i>eptone  medium,  which  in  placed  in  a  glass  jar. 
In  this  ia  iinmorsnd  a  PaatourChamborland  Ulter-candlo  half 
filled  with  the  same  solution,  to  which  is  added  a  little  of  the 
fluid  to  be  examined,  and  the  whole  ia  incubated  at  37^  C. 
Sooner  or  later  "frowth  appears  in  the  iluid  outside  the  candle, 
and  Cambier  states  that  if  typhoid  bacilli  be  present  they  ^vill 
make  their  appearance  before  B.  coli.  In  bands  other  than 
those  of  Cambier,  however,  the  method  has  not  proved  successful. 

7.  Fnchsin  Agar  (Endo).— One  litre  of  B  per  cent,  nutrient 
n^r  is  made  alkaline  with  10  c,c.  of  10  jxir  cent,  NaOII  solution 
after  neulrali/>ation.  Pure  lactose  10  grama  and  saturated 
alcoholic  fuchsin  Holution  5  c.o.  are  luldeil,  and  after  niixiug, 
25  c.c.  of  a  fresh  10  per  cent.  Kotution  of  sodium  i^sulphitL-  aid 
added.  The  medium  when  cold  shouhl  be  colourless.  The 
medium  is  ust'd  as  surfaco  platen,  and  on  it  typhoid  and  para- 
typhoid colonies  are  colourless,  coli  colonioa  are  red. 

H.  Malachite-green  Media.  —  Lofflor  has  found  that  mala- 
chite green  (No.  120  Hoe^hst)  in  the  proportion  of  about  1  in 
5000  in  media  inhibits  the  growth  of  B.  coli  while  still  per- 
mitting tbo  growth  of  B.  tifphosius.  The  dye  may  be  added 
either  to  liquid  or  to  solid  media.  The  medium  recommended  by 
Loftier  *  is  composed  of  0  per  cent,  agar  made  with  meat  infusion, 
with  1  per  cent,  nutrosej  and  containing  in  every  100  c.c.  2-2*5 
c.c.  of  a  1  per  cent.  Holution  of  malachite  green.  On  this  medium 
the  JS,  tiiphoRns  grows  in  twenty-four  hours  as  delicate,  slightly 
crinkled  colonies,  surrounded  by  a  colourlnss  zona  (due  to  alkali 
formed  by  the  bacilli).  Thus  it  is  pr>Bsible  to  detect  one  ctdony 
of  B.  typhosus  among  800  to  600  colonies  of  other  hactoria. 
As  a  medium  for  '  enriching '^.e.  for  specially  advancing  the 

'  liexK  cVirjfg.  1902,  p.  64.  ^  DruUeh.  Med.  Woch.  ItWG,  No.  B. 
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growth  of  tho  i?.  typhosm — Loffler  recommends  a  15  per  cent, 
gelatin,  prepared  with  beef-juice  and  peptone,  and  containing  per 
100  c.c.  3  c.c.  of  doubly  normal  phosphoric  aoid  and  2  c.c.  of 
2  per  cent,  malachite-green  solution.  With  the  suspected  matter, 
firstly,  one  scries  of  malachite-gelatin  plates  is  prepared  and 
incubated  at  25°  C.  for  twenty  to  twenty-four  hours  ;  secondly,  a 
tube  of  malachite  gelatin  is  inoculated  and  incubated  at  37°  cc. 
fur  twelve  to  twenty-four  hours  ;  from  this  a  second  tube  is 
inoculated  and  incubated  at  37°  C,  and  then  plated  out  on 
malachite  gelatin  and  incubated  at  25°  G.  The  colonies  of 
B.  typhosus  are  well  marked  after  twenty  to  twenty-four  hoazs, 
as  large  as  a  pin*s  head,  transparent,  highly  refractile,  light  grey 
and  granular.  Their  shape  is  circular  or  oval,  and  they  show 
characteristic  offshoots  resembling  a  bone-corpuscle  or  the  body 
of  an  ocarus.  By  using  this  15  per  cent,  gelatin,  which  can  be 
incubated  at  25°  C,  there  is  the  double  advantage  of  speedy 
growth  and  formation  of  very  characteristic  colonies. 

Houston  recommends  S.D.S.  rebipelagar  (p.  5C9)  with  the 
addition  of  malachite  green  to  the  extent  of  1  in  5000  (0*2  gram 
to  the  litre).  On  this  medium  B.  iypJiosus  forms  colourless 
colonies ;  most  other  bacteria  do  not  grow,  or  appear  as  blue* 
black  colonics. 

Conclusion. — The  writer  would  suggest  for  the  isolation 
of  B.  typhosus  from  water,  (1)  concentration  of  the  organism 
by  precipitation  with  alum  (Willeon's  method)  or  iron  oxy- 
cliloride,  followed  by  plating  of  the  precipitate  on  Conradi- 
Drigalski  agar,  or,  better,  on  malachite-green  agar  (LofiBer's 
or  Houston^s,  No.  8  above)  ;  (2)  enrichment  by  LofHer's 
method  and  subsequent  plating.  In  all  cases  the  organism 
isolated  must  be  examined  as  to  its  morphological,  cultural 
and  biological  characters,  and  should  have  its  agglutina- 
tion and  PfeifTer  reactions  tested  with  a  high-grade  typhoid 
serum.  Two  organisms  which  are  likely  to  be  mistaken 
for  the  B,  typhosus^  unless  all  tests  are  applied  to  them, 
are  the  B.  (f(CcaUs)  alkaliyencs  and  B.  {aquatilis)  sulcatus. 
Both  occur  in  the  dejecta  and  in  polluted  water  and  are 
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very  like  the  li,  typhosus  in  morphology,  motility,  staining, 
cultunil  uiid  fermentation  reactions,  but  neither  agglutinates 
with  tyi»h()iii  sorum.  The  B.  alkaligenes  sometimes  pro- 
duces a  hrownisli  growth  on  potato,  and  it  renders  litmus 
milk  alkaline.  The  B,  Rulraiua  hardly  ^rows  at  37"  C. 
and  18  almost  a  Htrict  ai.^robe,  little  growth  occurring  in  the 
depth  of  a  stab.  Some  varieties  of  B.  coli  and  of  atypical 
B.  coll  agglutinate  with  typhoid  serum,  bo  that  a  positive 
agglutination  reaction  does  not  necessarily  prove  that  an 
organism  is  B,  typhosus. 

The  Isolation  of  the  Cholera  Bacillus  from  Watrr.— 
The  detection  of  Koch's  comma  bacillus  {Spirillum  dwicrce)  in 
water,  as  in  the  case  of  the  typhoid  bacillus,  is  a  matter  of  some 
difficulty,  as  this  organism  is  rapidly  overgrown  by  the  ordinary 
wat&r  bactflria.  In  the  examination  of  auspeeted  water  supplies, 
the  best  method  to  employ  fur  tbe  detection  of  this  organism  is 
to  take  ailviintage  of  the  fact,  first  noted  by  Dunham,  that  the 
cholera  spiriltum  multiplios  with  groat  rapidity  in  alkaline  saline 
pt'ptnne  Hchition.  The  auHpcctpd  water  is  examined  as  follows: 
To  800  500  c.c.  of  the  water  are  added  1  per  cent,  each  of  pure 
peptone  and  common  salt ;  tbe  mixture  is  mii^le  faintly  alkaline 
with  sodium  cjirhonate,  tlJHtributcd  in  a  dozen  small  Erlenmeyer 
flasks,  having  a  layer  not  more  than  an  inch  deep  in  each,  the  Hasks 
are  loosely  capped  with  caps  of  tiltcr- paper,  and  incubated  at  87'*  C, 
At  intervals  of  ten,  iifleeu  and  twenty  hours  respectively,  hanging- 
drop  and  cover-glass  preparations  are  made  from  the  top  of  the 
li<]ui*l,  on  which  there  is  often  a  surface  film,  and  care  must  be 
taken  not  to  disturh  this  ;  tbe^c  are  tben  examined  micro- 
scopically for  vibrios  and  spirilla.  At  the  same  time  agar  plates 
are  preparcdr  an  J  incubated  at  blood  heat.  Any  colonies  that 
appear  which  resemble  the  cholera  spirillum  are  examined  micro- 
scopically ;  if  the  orgauiams  are  comma-shapod,  iboy  are  at 
once  aabeulturod  into  peptone  water  and  other  media.  The 
ori^iual  peptone-water  cultures  are  tested  fur  the  indole  reaction 
with  pure  hydrochloric  acid,  withdrawing  some  of  the  contents  of 
the  flasks  with  a  sterilo  pipette.  Any  likely  spirillum  isolated 
must  have  its  cultural  and  biological  reactions  investigated  and 
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|for  the  agglutination  and  Pfeiffer  reactions  with  a  high- 

ikra  serum* 
iriirvival  of  the  typhoid  and  ebolerft  orgimisdis  in  water,  see 

|)  411  respectively. 
icc-cvemti.^  may  lie  cxaitiineil  bj  infiLhodB  similar  to  those   ueied 
hv  mfttcrjal  beinf,'  lirst  mcilted  nb  a  Iuw  teiuperAture.      Some  of 

liniild  nho  be  ceiitrifugalized  ami  the  deposit  examined  micro- 

{lor  gross  conLaiiiinuiiam. 

iifeetion  Ln  typhoid  fever  and  cholera,  and  perhaps 
lliactillary  dysentery,  ia  far  luore  fveqaently  water- 
aa  conveyed  in  any  other  way.  It  might  be  sup- 
|at  the  acid  gastric  juice  would  prevent  this,  and  it 
lO  in  a  large  number  of  instances ;  hut  some  experi- 
«y  Macfadyen  ^  showed  that,  whereas  in  Easting 
to  which  suspensions  in  water  of  the  cholera 
li  ^\■o]■e  ndmini&ter<ed,  living  spirilla  are  present  in 
|:^linOt  whon  the  vehii'li3  it?  milk  uuue  could  he 
thy  inf*^reiK'(;  ]miv^  that  tfiii  gastrin  juice  is 
ni]y  wlien  tood  i»  ]K'eserit,  the  wntt^r  passiuf^  on 
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Examination  of  Shell  Fish.— Shell-fish  may  come  from 
8e\va^G-pollute<l  la^ingH.  Tho  following  mtitbotl  maybe  omployeil 
for  tht^ir  examination  (afU'r  HoiiKton) : 

The  outHidc  of  the  sheila  are  cleansed  by  thorough  scrubbing 
ami  rinsinff  in  tap-water,  ami  a  final  rinse  in  aterilo  water.  The 
fiali  after  cleansing?  are  laid  on  a  aterile  tnwel.  The  operator 
then  cleanses  hi»  hands  and  opens  the  shells  aseptically  witli  a 
sterile  oyster-knife,  care  being  taken  to  avoid  loss  of  their  con- 
tained liquor.  The  li([uor  afi  each  fish  is  opened  is  ix)iired  into 
a  steiilu  litre  cylinder,  and  the  fish  in  cut  up  with  sterile  scissors 
and  ftildcd  to  the  liquor  in  the  cylinder.  Ten  fish  sliould  l>e 
treateil,  tlio  voUuiie  of  fish  +  liquor  noted,  and  sterile  water  is 
then  added  to  make  up  to  1  litre;  100  c.c.  liquid  therefore 
corresponds  to  ono  fish.  In  addition,  four  dilutions  of  the  liquid 
are  prepared— 1  iu  10,  1  in  100,  1  in  1000.  and  1  in  10,000. 
With  the  liquid  and  dilutions  gelatin  and  a*:jar  plate  cultivations 
are  prepared  for  tbe  etmmeration  of  the  organisms  present. 
Cultures  are  also  made  in  litmus  lactose  bile-sa!t  popt(me  water 
and  in  milk  for  the  enumeration  and  isolation  of  B.  colt  and 
}i,  ^V^•lchii  respectively,  taking  100  c.c,  10  c.c,  and  1  e.e.  of  the 
liiiuid,  and  1  c.c.  of  each  of  the  four  dilutions  ;  in  this  way  tho 
contents  of  the  fish,  ranging  from  one  fish  to  mrtArtTTA  of  a  fishi 
are  examined.  The  process  and  principles  involved  coriespond 
to  those  de8cril>ed  for  water.  Houston  has  sugfjested  for  oysters 
as  a  lenient  standard  less  than  1000,  and  as  a  sttingent  standard 
less  than  100,  /?.  coli  per  oyater.  Even  ten  5.  coli  per  fish 
should  be  viewed  with  suspicion,  for  Hewlett  and  others  have 
shown  that  oysters  from  puro  layinga  contain  no  IL  colL 

Wuien'reas  ifc.  may  bo  examined  in  a  similar  manner, 
100  grams  being  weigho<l  out  and  transferred  bit  by  bit  with 
sterilized  forceps  and  scissors  to  a  flawk  containing  000  c.c.  of 
sterile  water.  The  Hask  is  shaken  vigorously,  and  the  washings 
examined  in  a  manner  similar  to  that  employed  for  shell-fish. 

Filters. — Reference  has  already  been  made  to  the 
removal  of  organisms  in  water  by  wand  iiltriition.  With 
regard  to  filters  for  doniestic  use,  few  of  those  in  the  market 
are  capable   of   doing   more   than   removing  particles   of 
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Gd  matter,  while  they  allow  from  5  to  50  per  cent*, 
mfire,  of   the  bncteria  present  in  the  water  to   Ije 
tfi  pftHs  through,    Such  filters  are,  ol  course,  useless 
irevention  of  diBeaae ;  in  fftct,  rather  favour  it,  by 
ring  a  faUe  eense  of  security  ;  aiul  when  in  use  for 
lie  without  cleaning,  the  water  after  filtration  may 
ie,  bacteriologically  and   chemically,    than  before 

mlhead  and  Wood  '  found  that  the  only  filters  which 
jaLle  of  completely  removing  organisms  were  the 
-ChamberJand,  Berkefeld,  and  Porcelaine  d'Amiante* 
^ki?fe1d,  while  more  rapid  in  action  than  the  other 
ler  being  in  use  for  a  few  days  may  allow   some 
UH  to  appear  in  the  filtrate.     This,  perhaps,  is  due 
n  a  growth  of  or^anianis  throiif^h  tfie  porey  of  the 
ndle  tliaii  to  a  dirt^vt  pitssago.     Lunt^'  found  that 
oorditjiiry  water  liactefia,  hir'Ii  as  tlit'  B.fiuon'urena 
l'-ft-<,   appeared   in    the    iiltrate    from    a    BerLefeld 
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Charaberlanfl.  All  porcelain  filterH  hIkmiIiI  he  cleaned 
weekly  liy  well  scrulilnng  with  a  nail-bruah  and  ])oiling 
in  water  containing  some  aodiuni  earhonnto. 

The  BACTERioLoairAL  Examination  of  WATEu-FTLTHnB. 

The  large  majorifcy  of  water-filters  at  present  in  use  are 
incai>able  of  preventing  organisms  from  being  washed  through 
into  the  filtrate.  In  or<ler  to  ascertain  whether  this  is  the  case 
with  any  particular  filter,  it  should  Ijo  sterill/.od  in  the  steam- 
sterilizer,  and  water  containing  orgauisnis  of  known  species 
(J5,  prodigiosiiSf  IL  violaceia^  and  M.  otjilis  are  very  suitable) 
should  be  passed  through  it  for  twenty-four  hours.  This  water 
and  the  filter  should  during  this  period  of  the  examina- 
tion be  maintained,  if  conveniently  possible,  at  a  temperature 
below  G°  C.  This  will  almost  invariably  prevent  any  growth 
or  multiplication  of  the  organisms.  Samples  should  be  taken 
immediately  after  the  filtration  has  l»egun,  and  at  intervals 
during  the  day,  and  again  at  the  end  of  twenty-four  hours.  If 
they  are  all  sterile,  the  filter  is  cai>able  of  preventing  organisms 
from  being  directly  washed  through.  In  the  case  of  filters  of  very 
grejit  density  or  dopth  of  filtering  medium,  it  may  be  necessary  to 
prolong  the  pnriod  of  exumination  beyond  the  first  day  ;  but 
luosfc  ordinary  filters  which  permit  organisms  to  be  washed 
through  do  so  within  the  first  few  hours. 

PnOTOZOA    AND   AhQM    IN    WaTBU. 

The  examinatiun  of  water  for  the  minute  forms  of  life  other 
than   bacteria,   and  their   enumeration,  cati    be  carried  out   by 
the  Sedgwick- Rafter  method.^     A  (»  irjoh  glass  funnel  is  plugged 
at  the  bottom  of  the  stem  with  a  perforated  rubber  cork,  over 
the  upper  end  of  which  a  disc  of  fine  silk  bolting  cloth,  cut  by  a 
wad-cutter,  ia  laid.     Sharp,  clean,  dry  quartz  sand  is  then  poured 
into  the  stem  of  the  funnel  to  the  depth  of  half  an  inch  above 
the  plug.     The  sand  should  he  of  such  a  size  that  the  grains  w 
]>ass  through  a  sieve  of  *tO  meshes  to  the  inch,  Imt  not  thrc 
one  of  120  meshes.    The  sand  is  washed  into  place  and 
moistened  with  a  little  distilled  water  free  from  organiamfl. 

I  Oalkin,  33rd  Ann.  Rep.  Stat^  Board  of  Health.  Maa$uchuseii*t  ^ 


case  the  snperniitant  fluidi 
carrying  with  it  tlie  orj^anis 
withdrawn  by  a  pipette  froni 
and  transferred  to  the  countii 
■^laBR   slide   on  which  a  re( 
ceruGnt<^1,  so  enclosing  exaci 
is  1  luui.  thick,  so  that  the 
paration  is  covered  with  a 
power.' 

Thh  Bacti 

Just  as  in  water,  the  b( 
ably  at  different  limes  am 
ditions,  and  in  various  locali 
raoBtly  saprophytes,  conaistu 
A  number  of  mouhls  occur 
narily  are  in  large  excess,  tc 

It  ia  not  easy  for  micrc 
through  the  atmosphere  ;  tt 
rising,  and  cannot  he  ton 
medium  by  a  strong  current 
they  are  growing  must  dry  i 
fine  dnnt  before  they  cun  be 
of  air  ctirrpnts  (but  Bee  v. 
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freed  from  organisms.  Fntnkland  found  at  Norwich 
Cathedral  at  an  altitude  of  300  feet  7  organiBm^  iu 
two  gallons,  while  on  tlie  ground  18  were  found  ;  at  the 
Golden  Gallery  at  St.  Paul's  two  gallons  of  air  contained 
11  orgamsms ;  in  St.  Paurs  churchyard  the  number 
was  70.  On  high  mountainH  organisma  are  nearly  ahsent 
from  the  air,  and  the  name  is  the  case  at  sea  at  a 
distance  from  land  exceeding  about  100  miles.  Organisms 
are  much  fewer  iu  the  air  of  the  country  than  iu  that  of 
towns.  At  the  entrance-hall,  Natural  History  Museum, 
South  Kensington,  Franklaud  found  in  the  morning  30 
organisms ;  iu  the  afternoon,  when  many  visitors  were 
present,  the  number  had  risen  to  292,  showing  the  influence 
of  movement.  By  keeping  a  volume  of  air  absolutely  Btillf 
enclosed  in  a  box  the  walls  of  which  were  smeared  with 
glycerin,  Tyndall  was  able  to  free  it  completely  from 
particles  and  organisms.  The  writer  found  from  J13  to 
150  organisms  per  10  litres  of  air  In  some  of  the  principal 
streets  of  London  duriuf^  t]ie  daytime. 

Gordon,^  by  exposing  dishes  of  neutral-red  broth  to  the 
air,  or  by  aspirating  air  through  neutral-red  broth  (p,  5G7), 
has  been  able  to  detect  the  presence  of  the  S'.  salivarius, 
M.  epldcrmidiSf  and  scurf  micrococcus  (p.  207)  in  air 
subjected  to  human  contamination.  By  these  teats  and  by 
the  use  of  B.  prodigiostis  as  an  indicator  he  concludea 
that  particles  of  saliva  are  disseminated  as  far  as  40  feet 
in  the  act  of  loud  speaking,  indicating  the  i>ossibility  of 
the  wide  distribution  of  such  pathogenic  organisms  as  the 
tubercle,  plague,  and  influenza  bacilli  and  the  pneumococcuB 
by  speaking,  and  still  more  so  by  coughing. 

The  number  of  dust  particles  in  the  ah*  may  be  enor- 
mous. In  London  Macfadyen  and  Lunt  observed  as 
extremes  from  20,000  to  nearly  600,000  per  c.c.  The  ratio 
of  micro-organisms  to  duat  particles  is  therefore  a  very 
small  one. 

«  Heps,  Med,  Off.  Loc  Gov.  Board  for  1902-190 
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Bacteriological  ExAHtKATiO!«  of  Am, 

imber  of  Eiiethods  ba.ve  been  devised  for  tbe  &8tiiiiatioD  of 
ibtjr  of  micro-tjrgaaisma  in  the  air,  of  which  the  following 
chief  : 

'l(Uc  MvOiod, — Melted  ettirile  nutrient  gelatin  ia  poured 
lerilized  Petri  diah,  and  alloweti  to  sei.     The  plate  ia  tbeo 

to  the  air,  by  removing  the  lid,  for  ft  given  thne— onei, 
I,  OF  fifteen  minutesj  i:c,— tte  lid  is  replaced,   and   the 
^nbiited  at  22^  C,  for  some  days.     The  number  of  colonies 
Ids,  liftcteria,  yeasts,  itc.  is  counted,  and,  having  estimated 
V  of   the   gelatin   plate,^    the  result  is  ^xpresi^  as  the 

of  organiams  falling  per  ecjuare  foot  per  minute.     The 
obtained  by  tbia  method  are  roughly  comparative,  but  no 
"  wvn   be   formed   from   it  of  the  number  ol  or^iiiinisina 

d  in  a  given  volume  of  the  air. 

Jeue^H  MHhotL—'^\i\^  is  a  qiMntitative  method  for  eati- 
[,he  uumliur  nf  orgnni^^ms  aont.iiiad  in  a  given  vtilmne  of 
III  nii])iinitiis  consi.str^  of  ii  ^liiH;^   tube  33  iiithyrf  bmg  by 

ineht'S  in  diamtittr.     One  end  nf   tbiss  tube  is  plug«:;ed 
ubbi-i'  u^^rk  Ihraugb  \vliit;h  ii  f^'liisii  tube  pasaorf,  the  other 
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litre  of  air  passes  through  ^hu  tuhe^  and  thid  process  is  repeated 
until  5,  10,  15,  or  20  litrea  of  air  have  been  drawn  throiifjh  the 
tube.  The  ratG  uf  flow  is  controlled  by  a  scrow-clamp  on  tho 
rulfber  connoctiug-tube;  it  should  not  exceed  half  it  litre  per 
lutnute.  With  this  rate  of  How  all  the  organisms  are  deposited 
on  the  gelatin-coated  tube.  The  aspirutiou  being  completed  the 
rubber  tube  ia  disconnectel  ftml  the  sheet  of  rubber  replaced  over 
the  am}  of  the  tube,  which  is  then  incubatedj  and  the  colonies 
counted  when  they  have  devoloiwl. 

8.  PetrVs  Mclfiod. — Petri  aspirates  the  air  through  a  glass 
tube  containing  sterili/ed  sand,  kept  in  place  by  fine  wire-jjauze 
wads.  When  the  sample  has  been  taken,  thw  sand  ia  distributed 
in  Petri  dishes,  and  melted  sterile  gelatin  is  poured  over  it  and 
allowed  bo  solidify,  plate  cultures  being  thus  prepared.  The 
objection  to  this  method  is  the  presence  of  the  opaque  particles 
of  sand  in  the  culture  medium. 


A  B  C 

Fio.  70. — Fhankland's  Tube  toit  Ant  Am.ilybis. 

1.  Frankland*s  Method.— ^J^he  air  to  bo  examined  is 
aspirate<l  through  a  tube  5  inches  in  length  and  ^  inch  in 
diainetor  (fig.  70).  One  end  of  the  tube  is  oj>on,  the  other 
(c)  is  plugged  with  cotton-wool.  At  a  distance  of  1  inch 
from  the  open  end  the  tube  is  slightly  constricted  to  support 
a  plug  of  glass-wool  (a).  At  a  distance  of  2^  inches  from 
this  plug  the  tube  is  again  constricted  to  support  a  second 
plug  (b),  consisting  of  glass-wool  and  finely  powdered  cano- 
sugar,  supported  in  front  and  behind  by  plugs  of  glass-wool. 
Several  such  tubus  having  been  prepared,  they  are  placed  in  a 
tin  box  and  sterili/ed  at  130'  C.  for  three  hours,  and  can  then 
be  easily  transported  without  risk  of  contamination.  When 
required  for  use,  a  tube  is  quickly  removed  from  the  bos.,  being 
handled  by  the  plugged  end,  which  is  oonnocted  by  stout  rubber 
tubing  to  aspirating  ilasks  snch  as  are  used  in  Hesse's  apparatus. 
The  tube  is  clampod  horizontally  to  a  retort  stand,  ami  by 
attaching  the  second  dask  to  a  small  hand  exhaust-pump,  the 
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water  can  be  syphoned  over  from  the  first  flask,  a  oorresponding 
volume  of  air  passing  through  the  tube.  When  the  deeiied 
vuhuue  of  air  has  been  aspirated  through  the  tube,  it  is  disooD- 
ncctod  and  placed  in  another  sterile  tin  box.  As  many  tubes  u 
desired  can  be  employed  to  control  one  another  or  to  examiiie 
tho  air  in  ditferent  localities  and  under  different  conditions. 
All  the  samples  having  been  taken,  the 
.-^ICK  tubes  are  manipulated  on  returning  to  the 

laboratory.  The  tubes,  as  before,  being 
handled  by  the  ends  only,  a  file  mark  is 
made  across  the  centre  of  each  tube,  which 
is  then  broken  in  half  and  the  plugs  of 
glass-wool  and  sugar  shaken,  or  pushed  by 
means  of  a  sterile  wire,  into  a  sterile  flask 
of  about  250  c.c.  capacity.  Into  this  10  or 
15  c.c.  of  liquefied  sterile  nutrient  gelatin 
are  then  introduced ;  the  sugar  dissolves, 
the  glass-wool  becomes  disintegrated,  and 
a  roll-culture  is  made  on  the  walls  of  the 
flask,  which  is  incubated  at  22°  C,  and  the 
colonies  counted  when  they  have  developed. 
5,  Sedgwick  and  Tucker*s  Method. — One 
of  the  best  and  most  convenient  methods 
for  the  bacteriological  examination  of  air. 
A  glass  tube  of  special  form  is  employed 
(fig.  71) ;  this  consists  of  an  expanded  por- 
tion (a)  about  15  cm.  long  and  4"5  cm.  in 
diameter ;  one  end  of  this  is  contracted  so 
as  to  form  a  neck  2*5  cm.  in  diameter  and  in 
lenj^th ;  to  the  other  end  is  fused  a  glass 
tube  (b  c)  15  cm.  long  and  0*5  cm.  in 
diameter.  The  neck  of  the  tube  is  plugged  with  cotton-wool,  and 
two  cotton- wool — or,  better,  glass-wool — plugs  are  inserted  in  the 
narrow  tube,  one  at  its  open  end,  the  other  (c)  about  6  to  8  cm. 
from  the  wide  part.  The  whole  is  then  sterilized.  When  cool, 
the  narrow  part  of  the  tube,  from  its  origin  at  the  wide  part 
down  to  the  first  plug  (b  c),  is  filled  with  powdered  cane-sugar 
(No.  50,  B.P.  gauge)  which  has  been  carefully  dried  and  sterilized 
at  120°-130°  C.     The  tube  is  again  sterilized  at  120='-180''  for 
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two  ur  three  hours,  the  greatest  care  being  taken  not  to  melt 
the  sugar.  After  Kterillzation  the  tube  is  ready  for  use.  The 
wool  pluK  is  renjovod  froiu  tho  uioath  ami  a  meaaored  volume  of 
air  is  aHpiniU^d  tbrnti^li  tbc  Layur  of  jjowdcred  sugar  by  means  of 
a  small  baud  air-pump,  the  vidumu  of  air  beiii;!,'  uioasured  by  the 
displacement  of  water  in  a  tlask.  Having  taken  the  Bample 
(5  to  20  litres),  the  wool  plug  is  replaced  in  tho  nock.  The 
powdered  su#(ar  ia  then  shaken  down  into  the  wide  part  of  the 
tul>e  (a),  and  15  c.e.  of  molted  sterile  nutrient  gelatin  are  ponred 
in*  Tho  powdered  sugar  readily  dissolves  in  tho  melted  gelatin, 
and  when  solution  is  complete  a  roll-culture  is  made  in  the  tut>e, 
just  as  in  EHmarcb's  luethod  (p,  72).  The  tube  is  then  placed  in 
an  inculiatnr  at  20^  C,  and  tho  colonies  are  allowed  to  develop. 

In  both  Frankknd's  and  Sedgwick  and  Tucker's  methods  the 
sugar,  after  powdering  and  sifting  and  before  introducing  into 
the  tubes,  should  be  thoroughly  dried  by  keeping  in  the  warm 
incubator  for  several  days  with  occasional  stirring.  Unless  this 
be  done,  the  sugar  is  apt  to  cake  and  discolour  during  steri- 
lization* 

Soil. 

The  upper  layers  of  soil  contain  large  numbers  of  organisms, 
chiefly  bacilli.  The  species  are  very  varied  ;  among  pathogenic 
ones  may  be  name^l  the  baciUns  of  tetanus  and  of  malignant  tcdema. 
The  U.  mycoiflca  is  very  abundant,  and  the  varieties  of  Proteus, 
the  hay,  and  pjtato  bacilli,  are  common,  while  the  nitrifying 
forms  are  of  course  present,  but  do  not  develop  on  ordinary  media. 

Below  5  or  (t  feet  aiTobic  organiamH  become  scanty,  but 
the  anaerobic  and  thermophilic  ones  are  still  met  with.  The 
number  of  orgnniBms  present  in  noil  ia  variable,  from  200,000  to 
46,000,000  in  ordinary  earth,  while  in  dirty  and  busy  streets 
there  may  be  as  many  as  1,000,000,000,  per  gram.  According  to 
Houaton,  uncultivated  sandy  soil  averages  100,000,  garden  soil 
1,500,000,  and  sewage  polluted  115,000,000,  per  gram. 

Houston  ^  found  that  in  virgin  soils  the  J3,  colij  B.  Wclckilf 
and  streptococci  are  practically  absent,  but  that  in  soils  polluted 
with  animal  excrement  by  manuring  or  otherwise  the  spores  of 
B.  Weichii  are  present  in  great  abundance,  also  B*  coli  and 
streptococci  if  the  pollution  be  of  recent  date. 

•  Rep,  Med,  a/.  Loc  Gov.  Board  lor  18ey-iyOO. 
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The  length  of  time  pathogenic  bacteria  retain  their  vitality  in 
buried  corpaea  has  been  the  subject  of  experiment  by  Ldsener,' 
who  injected  cultures  into  the  bodies  of  pigs,  which  were  then 
wrapped  in  linen,  placed  in  wooden  coffins,  and  buried.  The 
conclusions  he  arrived  at  were  that,  provided  the  soil  has  good 
filtering  properties,  there  is  practically  no  chance  of  the  dissemi- 
nation of  a  virus. 

Klein,^  experimenting  with  the  bacilli  of  diphtheria,  cholera, 
plague,  typhoid  fever,  Ac,  also  found  that  the  vitality  and  infective 
power  of  these  organisms  passed  away  in  a  comparatively  short 
tinio,  in  most  cAses  within  a  month. 

On  the  survival  of  the  typhoid  and  cholera  organisms  in  soil  see  $ls 
pp.  338  ami  HI  resi>ectively. 

Examination  of  Soil. 

The  bacteria  in  the  soil  may  be  examined  by  adding  traces  of 
the  Huil  to  sterile  nutrient  broth,  thoroughly  crushing  and  soaking 
it,  and  then  making  plate  or  roll  cultures,  aerobic  and  anaerobic. 

To  make  anything  like  an  accurate  quantitative  examination 
is  almost  impos.sible.  Weighed  amounts  of  the  soil,  after 
thorough  pulverization  in  an  agate  mortar,  may  be  introduced 
into  sterile  tost-tubes  and  thoroughly  exhausted  by  repeated  wash- 
ing with  sterile  water  or  broth,  plate  cultivations  being  made 
with  the  washings. 

Various  boring  apparatus  have  been  devised  for  withdrawing 
soil  from  different  depths. 

Sewage.^ 

Sewage  is  exceptionally  rich  in  organisms,  but  the  numbers 
present  are  variable.  Jordan  in  Massochutjetts  found  an  average 
of  708,000  per  cubic  centimetre.  Laws  and  Andrewes  found 
from  905,000  to  11,21C,000,  the  latter  being  the  highest  number 
obtained.  Tlie  number  of  organisms  naturally  varies  at  different 
seasons  and  Avith  the  amount  of  dilution.  The  organisms  present 
arc  very  varied,  but  moulds,  yoasfcs,  and  sarcinte  only  occasionally 

'  Ccntr.f.  Iiakt.  (l-  Abt.).  xx.,  18!»C».  p.  4-54. 

-  Rt^p.  ^ti'd.  (>/.  hiK.  Gov.  Board  for  iH-.tH-OJ,  p.  34  4. 

'  {?ec  Viiriiius  Rcpirrts  to  the  Lomhrn  County  Cmmcil  by  Clowes,  Houston, 
Ijaws  fttul  Atulrt'wcs  ;  Klein,  Houston,  Heps.  Med.  Off.  hoc.  Oov.  Board  for 
1897-1904  ;  Rep.  of  the  Sewage  Commission. 
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occur.  A  few  micrococci  are  mob  with  and  Btreptooocci  are 
present  in  coDaiderable  numbers,  at  least  1000  i>er  c.c,  but  bacilli, 
especially  liquefying  forms,  largely  predominate.  Tbe  commouest 
species  are  the  B.  fltiorc^ccns  liqmfcicieyui  and  varieties,  several 
varieties  of  Profvit^,  the  B.  filainentosnSy  varieties  of  tbe 
B.  fn^sefticricm,  B»  mfjcoidcSy  B.  subtHis,  B.  cioacce^  ami  the 
colon  bacillus.  The  latter  numbers  from  20,000  to  2,000,000 
per  cc,  and  the  other  bacilli  mentioned  number  200,000  to 
2,500jOOO  pnr  o-C  Many  ann-tTobic  sporing  Viacilli  are  also  found, 
esp.^cially  the  Ti.  Wclfhii,t\\&  sporon  of  which  number  from  30  to 
2000  per  c.c,  averaging  500-GOO.  Bacteria  introduced  into 
sewage  are  probably  soon  suppressed  by  the  predominant  species 
of  the  sewage. 

The  air  of  well-ventilatotl  sewers  differs  but  little  from  that  of 
the  external  air,  and  the  organisms  in  it  contrast  with  those  of 
sewage  by  the  abundance  of  moulds.  Specific  organisms  may, 
however,  gain  access  to  it  (p,  3i0). 

The  powerful  liquefying  anti  solvent  actions  of  the  bacteria 
present  in  sewage  have  suggested  a  means  of  dejilin^'  with  sewage 
BO  as  to  make  use  of  these  properties,  and  many  bacterial  systems 
of  sewage  disposal  have  been  devised.  The  principle  most  widely 
adopted  is  to  run  the  sewage  into  large  covered  reservoirs  (aeptlc 
tanks),  where  it  remains  at  rest  for  twenty-four  to  forty-eight 
hours.  Here  it  is  under  practically  aniuTobic  conditions,  and 
anaerobic  bacteria  exert  their  action  on  the  solids,  partly 
dissolving  them,  partly  disintegrating  them,  with  the  forma- 
tion of  a  sludge  which  has  to  bo  cleared  out  from  time  to 
time.  From  the  septic  tanks  the  sewage  passes  on  to  beds 
composed  of  broken  brick,  coke,  or  some  similar  material, 
through  which  it  slowly  percolates,  and  here  it  is  subjected 
to  tbe  action  of  aerobic  organisms  which  complete  the  de 
composition  to  such  an  extent  that  the  otMuent  does  not  affect 
fish  life  nor  putrefy,  so  that  it  may  be  run  into  a  stream  without 
causing  a  nuisance.  Fuur  setH  of  Lbcse  aerobic  bacterial  bods 
are  usually  provided,  each  set  being  worke*l  in  turn  for  six  hours 
and  resting  for  eighteen  hours,  during  the  twenty-four  hours. 
The  effluent  from  such  bacterial  beds  may  contain  as  many 
bacterias  as,  or  more  than,  the  sewage  itself.  Pathogenic  organisms 
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Milk  J 
Milk  IB  an  ftdinirable  nutrient  soil  for  the  development 
and  multiplication  of  micro-organiNms,  and^  though  Bterile 
in  the  udder,*  iis  delivered  to  the  consumer  miiy  contain  an 
appalling  number  of  bacteria.  In  milk  as  ordinarily  supplied 
there  are  from  one  to  five  million  bacteria  per  c.c,  and  it 
frequently  contains  ten  to  fifteen  millionH,  with  an  averaj^e 
of  about  three  to  four  uillioue.  Hewlett  and  Barton  found 
an  average  bacterial  content  of  about  1,500,000  in  London 
milk  as  delivered  at  the  railway  termini  (the  rungo  was 
from  a  minimum  of  20,000  to  a  maximum  of  8,890,000), 
but  this  does  not  represent  the  condition  of  the  milk 
a^  delivered  to  the  consumer,  for  the  liacteria  present 
rapidly  multiply  in  warm  weather.  Eyre  ^  in  the  middle 
of  Bummer  found  the  following  rate  of  multiplication  : 

Initial  content  .  .  .  56,000 

After  12  houra  .  .  .  526,000 

After  24  hours  .  .  .  20,aG<J,000 

After  80  hours  .  .  .  clotted 

A   similar   specimen   in   the   middle  of  winter   gave  the 
following  reaultB  : 


Initial  content 
Afber  12  hours 
After  9i  hours 
After  30  hours 


20,000 
24,000 

48,000 
280,000 


In  New  York,  Park  estimated  the  average  bacterial 
content  of  milk  as  supplied  to  the  consumer  at  1,000,000 
per  c.c.  in  winter  and  5,000,000  per  c.c.  during  the  hot 
months.     Eyre  [loc.  cit.)  ntatcH  that,  as  tlie  result  of  his 

'  See  Hoiist-:))!,  Tiep.  to  Lumhn  County  Cimncil.  No.  9S3.  1905; 
MacConbey.  Journ.  of  Bygierxfy  v.,  1905.  p.  333  ;  Hewlett  and  Barton, 
ih\d.  vii.,  1907,  p.  22  ;  Swith^nbank  unci  Sowtnftn,  Dfuteriolofjy  of  Milk. 

'  The  More*  milk  niAy  contain  or^itUma  which  have  lodged  in  the 
milk-ducts. 

■  Journal  of  SfaU  Medicine,  xii..  I'.K)4,  p.  728. 
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ma,  the  numbera  are  in  London  about  3,000,000 
:*00  in   December,   Janaary,   and  February,  and 

0  to  30,000,000  in  June  to  September ;  Bmaller 
than    these   always   being  associated   with   the 

3f  boric  acid  or  formaldehyde.     Even  in  go-called 
milks  bacteria  are  rarely  completely  absent, 

1  iri  even  richer  in  bacteria  than  milk,  and  avsragea 
30,000,  and  may  contain  as  many  as  30,000,000 
>  per  c.c.^     Although  all  the  ordinary  Bpeciee  may 
/itli,  milk  hiLS  a  l^autarial  flora  largely  its  own, 
g  many  forms  producing  lactic  and  butyric  acid 
ii>TiH.     Organisms  also  oci^ur  having  more  or  less 
ficte,  and  giving  rise  to  bitter  milk,  viscid  milkp 
lactic  ferments  are  mostly  no n-sporinp:,  the  butyric 
lorins,    KpecieH.      The   com ui finest   of    the    lactic 
in  iho  Jn  tiruU  liii-tlri^  whirfi  Ihik  some  similariLy  to 
liurillus  (kr6  tiibhs  ]i.  851).    Another  common  laetie 
is  llni  O'sdiuiH  hirtifi,  a  mycelial  form,  the  colonies 

PASTELIHIZATrON   OF   MILK 


591 


the  dirty  nifltlmtlH  nf  thoRe  Imn^lling  the  nnllc.  In  order  to 
tender  milk  vvholeaonie  for  infantK  and  free  from  infeenve 
organisniH  under  the  present  conditions  of  supply,  two 
methods  may  be  iidopti^d — Hierilization  und  pftsteurization. 
To  ensure  sterilization  it  is  necessary  to  heiit  the  milk  to 
I)oiling-iM>int  for  six  hours,  or  to  expose  it  for  a  shorter 
period  to  steam  under  pressure.  Such  treatment^  however, 
markedly  alters  the  Havour  of  the  milk,  and  is  said  to 
diminish  its  nutiitive  value.  If  the  milk  he  heated  to  a 
temperature  not  exceedinpf  70'^  C,  the  flavour  and  nutritive 
qnalities  are  far  less  altered,  while  the  iMithogeniti  Hpeciee 
are  all  destroyed.  This  method  is  termed  *  pasteurization/ 
and  consiHta  in  heating  the  milk  to  fiH'  C.  for  twenty  to 
thirty  minutefi.'  Paateurization  defltroys  92-99  jier  cent, 
of  the  total  organisms  present.  Behritig  has  advocated  the 
addition  of  formaldehyde  to  all  milk  used  for  the  feeding 
of  children.  Another  promising  method  for  sterilizing 
milk  in  the  Budde  process,-  hi  which  the  milk,  after  the 
addition  of  hydrogen  peroxide,  is  heated  for  three  hours  t.o 
SS^'-SS'  C.  All  non-HjM>ring  organinnis  are  dt^stroyed,  and 
tlie  added  hydrogen  peroxide  is  decomposed  into  H.fl  and  0. 
All  milk  Hlmnld  l)u  clistrihuted  in  closed  bottles,  and 
pasteurized  milk  should  be  consumed  within  forty-eight 
hours  of  treatment. 

The  thermal  death-point  of  pathogenic  organisniR  in  nulk  is 
aa  follows : ' 


OrfrmaUm 

Ttmpentan. 

MriodorBxiMMnK 

GO«C. 

fiOniin. 

B.  tjiphosus 

6o<»a 

2  iDin. 

B.  diphihtrxir 

w*c 

1  min. 

SfAr.  cholerts 

tjooc. 

I  min. 

B.  di/sefUerite 

60^  C. 

10  min. 

M.  ituHtenaia 

00°  0. 

30  min. 

'  Macfadyen  and  Hewlett,  Tratis.  Brit.  Inst.  Prei*.  Med.  i.,  1»97.  p.  82 

'  Hewlett,  Lattctt,  1»0«,  i..  Jun.  27. 

>  Bosenan,  Hygienic  Lati^  WaahinKton.  BtUt.  43,  190& 
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Ihermal  death-point  of  the  tuliercle  bacillua,  especially  in 

l)eon  tbe  aiibject  of  some  controversy  (aee  also  p.  28$). 

founiJ  that  an  exposure  of  fifteen  minutes  at  06^  C,  was 

to  (.destroy  the  infective  ptoperties  of  tubsrculoiis  niilk» 

Copenhagt^n,  considers  that  p&steurkation  cannot  always 

in,  and  rteonimeniis  that  milk  should  be  heated  to 

'h©  writer  fuund  that  the  natality  of  the  ordinary  non- 

■Ivoratory  cultures  was  ileetroyed  by  a  temperature  of 

ing  for  ton  minutos,  and   that  the  infective  propertiea 

uloufl  aputvim,  tested  on  guiapu-pigs,  were  destroyed  by 

iure  of  05"  C.  acting  for  fifteen  minutes  in  five  out  of  six 

Wofldhead'fi  experiments  (First  Royal  Commission  on 

jsia)   fjave  irregular  resitlts  which  aeem  to  be  explained 

dd  Smith's  careful  work,^    This  showed  that  tuberculous 

rendered  non-infective  by  heating  to  60*  C.  for  ten  to 

[invites,  pnn-idcd  lht*re  was  no  formation  of  a  surface 

11*1   liittor   seeins   Ut   prott*ct    Iho   bacilli.      Ru.^sell   and 

^  conrniiiLtl  Smith's  osperiineuts  and  aswiTt  that  it  ia 

t<}  btMit  milk  to  00"  C.  (1  iO   F,)  in  n  rloited  receptacle 

\i  not  le33  than  twcaity  minutes  in  ortler  to  destroy 
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{r)00,00O-l, 000,000  per  c.c.)  may  of  ton  Imi  ohtftined  from 
<juite  healthy  cows.  Blood  may  also  he  prer^ent  transitorily 
in  health  (Revis).  The  presence  of  squamous  epithelial 
cellH  indicates  desquamation  from  the  teat  or  udder  or  fnmi 
the  hand  of  the  milket— i.e.  want  of  cleanliness.' 

There  is  no  douht  that  micro-orf:janisms  are  far  more 
abundant  in  milk  as  supplied  to  the  cons  inner  than  should 
he.  Thin  arises  frt»m  the  ignorancB  and  careleHsneas  of 
those  charged  with  the  duty  of  providing  and  distributing 
this  important  article  of  diet.  The  udder  and  teats  of  the 
cow  and  the  hands  of  the  milker  iwho  should  wear  a  special 
dress)  should  be  wiped  before  milking^  and  all  vessels 
should  be  clean  and  steamed  or  scalded  before  use.  The 
milk  should  be  cooled  at  once,  some  more  efficiently  closed 
vessel  than  the  present  form  of  milk  churn  adopted,  and 
the  milk  not  stored  but  forwarded  without  delay  by  ttie 
railway  companies  in  special  refrigerator  vans.  Distribu- 
tion in  bottles  would  be  a  great  improvement. 

The  following  mi^^ht  be  suggested  as  a  bacteriological 
standard  for  milk :  -  {a)  number  of  organisms  not  to 
exceed  1,000,000  per  c.c. ;  (b)  absence  of  excess  of  leucocytes 
or  of  [ujB  cells;  [r)  H.  citli^  B,  Wefchii,  and  streptococci 
should  not  be  present  in  1  c.c.  or  less ;  {d}  the  sediment 
after  centrifiigalizing  should  be  leas  than  100  parts  per 
million  ;  [c]  the  milk  as  delivered  should  not  have  a 
temperature  above  10'  C. ;  (/)  absence  of  pathogenic 
organisms. 

Examination  op  Milk. 

Number  tff  Organisms  per  c.c. — This  is  carried  out  by  diluting 
the  milk  to  1  iu  1000 — 1  in  100,000  with  sterile  water,  or  prefer- 
ably nutrient  broth,  as  a  Letter  mixture  is  obtained.  Plates  are 
then  mado  oilhcr  in  gelatin  or  in  distilled  water  aj^ar  {Ijj  gram 

'  See  Eosrea,  Brit.  Med.  Joiini.  1899.  ii.  p.  1:^41. 

'  Se«  *  liep,  of  a  CommittGe  on  Milk  Supply,'  I'hilnd.  Med.  Journ. 
Oct.  1900,  p.  758  ;  Park,  Journ.of  ni/git'net  i-,  1901,  p.  391 ;  Houston.  loc.cit. 

38 


I 
i 


MANTTAL  OF  BACTEBIOLOGV 

id  n.!^!-,  diHtillod  watei?  1  litre,  Easles),  or  preferably  in 

ottt  B.  Wekhii.and  Streptococci.— These  &t&  searched  for 
btively  by  the  methods  detailed  for  'Water'  (pp*   557, 
[).    Amotiiits  of  milk  in  decreasing  docimal  ord&r  from 
t(i  O'OOOOOl  c.c.  should  bo  examimHl, 
iogenlc   Otg/inmns.—Th^  detfectian   of  these,  with  the 
ti  of  tho  tubercle  bacillus,  is  difficult  and  tancertain.   In  nil 
3  milk  should  1)g  centrifiisalizBd  and  the  deposit  examined. 
or  thn  detection  of  the  tubercle  bacillua  staiuin^  methods 
:)8t  useloB8  and  iaoculation  must  be  performed.     At  least 
of  the  milk  should  bo  centrifugalized  at  SOOO  to  2600 
3113  per  nimute  for  an  hour.    Aa  many  organisms  become 
id  in  the  cream,  it  is  advisable  to  stop  the  machine  aftar 
bouFt  atir  In  the  cream,  and  again  centrifuge.     The  fluid 
1  or  pipettnl  nfT carefully,  ao  a^^  not  to  di^^turb  the  sediment, 
lihout  3  c.c  in   the  tubn.     The  st'dimenL  ajul   remiuninfj 
D  then  well  n\Hm\  imd  about  1   t-.c,  is   iuocnlated   snb- 
iisly  and  intra-ppritonfally  into  hvo  *^'uinm-pi;^s  respec- 
'i"  akit  [1.  f^Oiy.     For  sUiiniTi^%  u  jirnci"^^  n*  sijlntion  f>f  the 

EXAMINATION   OF   MILK  fiftJS 

4.  The  M.  p}fO(jenes  aint  the  SirepforoccitJi  pyo(fcne$  may  be 
searched  for  by  uieaaa  of  plato  cuUiirf  h  <m  glycerin  ugar. 

fi.  Examination  of  Sedimeul. — The  milk  is  ct'ntrifu^iiii/,o*l 
for  twenty  minutes  at  1500  revolnfciong  pflr  miniito,  and  the 
upper  riuid  ia  pipetted  or  8yphr>ned  off.  Three  3metj.r  prepanitions 
are  then  made,  efich  with  four  drops  of  the  sediment,  which  are 
spread  evenly  over  tbr<M>-f<jnrths  of  the  slide.  The  slides  are  air- 
dried,  and  may  be  treated  with  i*  mixture  of  absolute  alcohol  and 
ether  for  ten  minutes.  One  slide  is  wtainefl  with  Loftler's  bhu\ 
another  by  (iram'a  ]iifthod»  and  a  third  by  the  tubercle  method. 
The  Lafflur'a  blue  specitnen  f^ives  a  genorn.!  idea  of  the  number 
of  bacteria  prenent,  itnd  of  the  presence  of  piia  cells  (polymorpho- 
nuclear leiicocytes).  The  niiml>er  of  leiicocytic  cells  in  twonty 
fields  should  be  counted,  and  if  they  avera^'o  more  than  twenty 
per  field  {with  a  ,'.>-inch),  it  is  regarded  as  evi<ience  of  pus. 
This  is  confirmed  if  in  the  Gram  specimen  numbers  of  strepto- 
cocci are  found.  Confirmatory  evidence  ia  obtained  if  in  a 
fresh  specimen  (undiied)  of  Iho  sediment  mounted  in  a  drop  of 
Oram's  iodine  aohition  red  blocd-cella  are  seen  in  addition 
(Eastos,  but  see  Cimtion  above,  p.  6i)2).  Savage'  c*>untH  the 
leucocytes  with  the  hicmocytnmeter,  of  which  the  following  is  a 
modifieil  method  (Hevis,  loc.  ciL) :  Take  5  c.c.  of  milk  and  dilute 
to  20  c.c.  with  water,  centrifufijo  for  ten  miniitos  at  i50<X)  revolu- 
tions, break  up  the  cream,  rotate  again  for  five  minutes,  pipette 
off  the  Huid,  leaving  about  1  c.c,  dilute  thig  with  water  to  20  c.c, 
stir  up  well  and  again  contrifiip;o.  The  wat*^r  is  removed  to  just 
abfrt'o  the  dt^posit,  four  to  Jive  drops  of  a  saturated  aqueous 
solution  of  methylene  blue  are  added,  and  the  deposit  is  well 
mixed  by  blowing  through  a  fine  capillary  pipette.  Stand  for 
fifteen  minates  and  carefully  dilute  with  water  to  1  c.c.  The 
ceUa  are  counted  in  this  dilution  and  the  usual  calculations  made. 
Two  concordant  counts  must  be  obtained,  The  sediment  should 
also  bo  examined  fresh  with  the  low  powers  (!j  and  ,\  inch)  for 
gross  and  (iltli  contamination  — e.^.  hair,  straw,  sand,  vegetable 
matter,  ttc.  Houston  (Itm*  cit.)  has  de\"iHed  special  lubes  for 
determining  the  amount  of  the  sediment,  and  Kevis  (loi\  cit,) 
similarly  after  treatment  with  Kau  de  .Tavelle. 

'  ,/o«ri:.  of  Jfygiene,  vi.,  ItHXJ,  p.  128. 
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t  is  not  likely  to  convey  any  infective  disease  with  the 
>n  of  tuberculnstB  and  anthmx*     It  may  be  esamined  by 
i  and  platu  cultivations,  and  hy  inoculation  and  feeding 
ents.      TitiHi'd    me<iis   it'c*  frequently   contain    sporing 
ma  of  the  B.  uihiiUs  and   viesentericit^   groups.     They 
1  examined  by  aerobic  and  aiiat*robic  cultures  and  by 

mm.     Poisonous  ptoinines  are  occasionally  present. 

e}iteritidis   occurs    in    meat    and    caust^s    a    lomi   of 
ig  (see    p,  347)-      In   certain   intoxications  due   to    Wd 
nown  aa  '  botulism/ Van  Ermengem  iaol&ted  a  bacillus, 
linm;  which  occurs  as  a  straight  rod,  4-6  /*  in  length, 
mndt'd   ends    and    terminal    sporeg,   feebly  motile    and 
I  liy  (irani'a  method.     It  is  strictly  anaerobiCf  liquefies 

and    femiBnta   glucose,   but   not   Jaetose.     Milk  is  iin- 
l.                                                                                                      : 
i^/.— Trnitxki   states   that  n^w  l^read  contains  no  micro- 
1114,  hut  Widdo  and  Walsh  fi>unii  that  such  orgaiBiftma  as 
ima   l«Lci]lu3  are  not  dostroyud  by  passintj  ihrongh  the 
jf   tho  baker'H  oven*     Cut  bruad  forins  a  good  nidus  for 
L'loptsicnt  of  pathogenic  orfrnniHins, 

SAPROPHYTIC   ORGANISMS 
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DISINKKCT1(»N    HY   HEAT  6M 

consists  of  a  ix^rtable  tti-nk  from  whicb  paraffin  gas  oil  is 
driven  by  a  pump  through  a  hoHtj  (yuch  as  is  used  for  the 
delivery  of  oil)  to  which  ia  attached  a  pole,  consisting  of 
an  iron  pipe  1*2  foyt  long,  which  is  protectetl  hy  a  covering 
of  wood,  and  to  the  end  of  which  is  attached  a  cyclone 
nozzle.  The  tine  spray  from  the  nozzle  is  ignited,  and  the 
rebuUing  fierce  flame  passed  over  the  surfaces  to  be  dis- 
infected. The  thorough  wetting  with  water  of  all  such 
Hurfacea  would  practically  aholinh  danj^er  fr<JTu  lire,  and 
hy  proper  adjustment  of  the  power  of  the  llame  might 
maintain  a  sufficient  germicidal  action. 

Dnj  heat  may  also  be  used,  and  forms  the  basis  of 
some  disinfeetrors  (Itansome's),  but  iw  not  nearly  such  an 
efficient  means  as  moist  heat.  The  objections  to  dry  heat 
are»  that  to  ensure  the  deHtniction  of  bacteria  and  spores 
tho  teniporature  must  be  high  and  the  heating  prolonged. 
Koch  and  Wolfhiigel  found  Unit  two  hours  at  150°  C.  did 
not  always  ensure  sterilization,  and  Gaffky  and  Loftier 
state  that  the  spores  of  some  organisms  are  killed  only 
by  exposure  to  hot  air  at  140'^  C.  for  three  hours.  More- 
over, dry  heat  has  little  power  of  penetration,  and  it  re- 
quii'es  many  hours  for  the  centre  of  a  mass  of  bedding,  or 
the  like,  to  attain  the  temperatures  requisite  for  steriliza- 
tion ;  while  some  articles  and  fabrics  are  disthictly  injured 
by  the  prolonged  heating.  The  highewt  temperature  which 
can  be  safely  adopted  for  a  dry-heat  disinfcctor  is  alxjut 
120**  C,  and  then  if  large  masses  have  to  be  treated  the 
heating  haa  to  be  eonLinued  f{U-  from  eight  Lo  ten  hours.  A 
rise  of  S""  €.  above  this  temperature  is  sufficient  to  damage 
many  woollen  goods,  which  enhances  the  objections  to  a 
dry-heat  disinfector,  as  it  is  difficult  to  keep  the  tempera- 
lure  of  a  large  chamber  constant. 

For  the  reasons  given  aljove,  disinfection  by  dry  heat  is 
oft-en  impracticable ;  on  the  othci*  hand,  moi.st  heat  is  more 
effective,  is  found  to  work  well  in  practice,  and  is  now 
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y  adopted.     In  the  household,  for  articles  which 
>e   burntj  brisk  boiling  far  an  hour  or  bo  will    be 

i}i,   Disinfection. — For   public   disiufectors,    Bteam 
esBure— i*e.  at  a  pressure  greater  than  that  of  the 
ore— is  employed.     Steftin  under  pressure  has  uut 
deletoriuus  aution  on  articles,  ?rith  the  exception 
iv,  aa  dry  heat,  while  its  penetrating  jxjwers  are  far 
By  'saturated   fiteam'   is  meant   steam   at  the 
ture  at  whiuh  it  can  condense,  and  the  temperatnre 
ondensation  ix>int  riaes  as  the  pressure  increasea. 
erbeated  Bteam '  is  meant  steam  at  a  temperature 
than   that   at   which   it  can  condense ;    therefore 
ited  steam  )uis  to  be  cooled  down  into  the  stata 
uted  Bteam  before  condensation  ensues.     If  sui^>er- 
^toam  iri   used   for   diainfuction,   it   lo&es   heat   by 
on,   uud   Iht!  rise  in   temperaUire  iA   the  articles 
[[{►proximately  corresponds  to  the  full  in  tempera- 
tiie  fiteam.     With  saturated  steam,  tm  the  other 

TIIKHMAL   DEATH-POINT  001 

cylindrical  boiler  with  double  walla,  forming;!  a  jacket,  and 
a  door  at  each  end.  The  clniiuber  is  of  Hufficienfc  HJze  to 
admit  bedding,  and  is  Ijuilt  into  tlie  partition  wall  between 
two  rooms,  so  that  each  door  opens  into  a  different  room. 
Into  one  of  the  rooms  the  mfected  articles  are  conveyed, 
and  are  platted  in  the  disinfector  aa  lit;litly  i^tcked  as  jx>8- 
Hible ;  when  diHinfected  they  are  removed  by  the  lypjiosite 
door  into  the  other  room,  thereby  avoiding  all  chance  of 
ruinferlion.  Steam  at  a  prewKuro  of  ahtjut  *iO  Ujh.  is  jid- 
mitted  into  the  jacket  and  then  passes  to  the  inner  chamber, 
the  object  of  tlie  jacket  heiny  to  warm  the  fhamber,  and 
BO  prevent  condensation.  For  the  same  purpose  hot  air  is 
sometiniea  injected  beforehand  to  warm  the  chamber  and 
articles,  and  after  the  steam  disinfection,  can  again  \m 
injected  for  drying.  The  length  of  time  required  for 
disinfection  does  not  exceed  a  half  to  one  hour. 

In  Thresh's  Disinfector  the  steam  is  generated  from  a 
saline  sohition  (ualcium  chloride),  which  has  a  boilinr^-point 
(105°  C.)  higher  than  that  of  water. 

The  thermal  death-point  «f  n  numl>er  of  organisms  in  pure 
culture  has  besn  determined  by  many  iiivesti;^'ators.  Eyre 
suggest')  tho  fotlowiug  o^  '  stiindivrd  conditions '  for  determining 
thermal  (]cath-|K)ints : 

1.  Length  of  *  time  exposure '  to  be  ten  minutes. 

2.  Emulsion  to  Ik,'  prepared  from  'optimum  cuUivntion.' 

3.  The  vchiclt!  in  which  culture  ia  susjicudud  to  be  sterile 
suit  solution  or  Hterile  disliUiid  water. 

4.  Stronijth  of  eumlaion  to  corroypond  to  about  1  milligramme 
of  culture  per  cuIjIo  centimetre. 

5.  Bulk  of  eumbion  to  Ite  not  less  than  B  c.c. 

6.  Emulsion  to  l>e  containe<l  in  test-tube  of  1'5  cm.  diameter 
with  walls  1  mm.  thick. 

7.  Emulsion  to  be  exposed  to  moist  heat  in  a  water- bath 
regulated  by  a  delicate  and  accurate  thermo-regulat*>r. 

8.  Broth  cultivations  and  agar  plates  hntb  to  be  uised  in  deter- 
mining the  death  of  the  bacteria ;  and  the  period  of  observation 
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cultnros  to  Ijg  Bxtended,  when  necessary,  to  aeven  or 
days*     The  experiments  to  \m  repeated  at  least  once. 

bermal   deatb-pomt  to  be  first  rougMy  determined  to 

«C. 

rbonnal  death-point  to  be  iinaUy  detormtned  to  within 

id  to  Ijo  defined  as  that  temperature  which  causes  the 
alt  raicro-organisms  exposed  to  it,  within  the  ten  minutes 

atttudaril  conditioDS. 

IT  IB   not   used  directly   ior   diaiiafectiou,    but    in- 
iii  niiture  and  in  our  homes  may  not  be  an  uiiim- 
factor.     It  hnkB  previouBiy  been  referred  to  at  p.  21. 
[CCATION,  although  one  of  nature's  methods  of  dis- 
u,  is  not  made  use  of  to  any  extent  by  man  except 
preserviition  of  many  articles  of  food* 
ijivnoN  is  a  method  of  diHitifet^tion  by  exclusion,  and 
orm  oi  snnd  filtnition  ttnd  liUriition  through  porous 
n,  as  in   tho  Berkyfcdd  and  PaBleiir-Chamberland 
ia  m^de  use  of  for  the  aterilization  of  water   and 

THEOKY   i»K   DISINI-'ECTION  908 

depressing  effects  ol  the  emanations  from  decomposing 
Ltrf:;aniu  tiiitLter.  Sucli  iini  fliurcoiil,  iishes,  dry  mould,  and 
peaL  (pertt  haa  also  a  germicklal  action).  Other  deodorants, 
audi  as  qnickliruc  and  chloriile  of  lime,  act  chemically. 

llic  gfrmicidcs  and  antiseptics  may  be  considered 
together,  for  although  many  antiseptics  are  not  germicidal, 
nil  tlie  L^ermicides  in  small  amuunts  act  na  antisepticB. 
The  priiicipai  germicides  and  antiseptics  are  the  lialogen 
elements,  chlorine^  bromine,  and  iodine^  the  mineral  acids^ 
a  large  numhfir  of  metallic  salts,  phenol  and  many  coal-tar 
derivatives,  and  variouH  organic  bodies  and  esseutial  oils. 

Theory  of  Cftetnkal  D  is  infect  ion, — The  theory  of 
chemical  disinfection  is  not  yet  fidly  understood.  It  is 
probable,  as  suggested  by  Paul  and  Knhiig,  tliat  tlie  degree 
of  ionization  of  a  solution  may  have  an  imjx)rUint  bearing 
on  its  diyinfocting  efliciency. 

Paul  and  Kronig '  made  a  number  of  experiments  on 
the  AT.  pyogenes^  and  spores  of  anthrax,  with  a  view  of 
determining  tliu  efFi'clfi  trf  various  acids,  bases,  oxidizing 
agents,  and  metalUe  salt-a  on  bacteria.  The  salts  of 
mercury,  gold,  and  silver  exert  a  marked  germicidal  action, 
strongest  in  the  case  of  mercury,  while  llie  pliitinum  salts 
are  almost  inactive.  The  elliciency  of  mercuric  chloride  is 
markedly  lessened  by  the  presence  of  sodium  chloride  or 
other  chloridt^H.  Of  the  oxidizing  agents,  nitric,  chromic, 
chloric,  and  permanganic  acids  act  in  the  order  stated  ; 
chlorine  has  the  most  powerful  action  of  the  halogens. 
Phenol  acts  better  in  a  5  per  cent,  solution  than  in  higher 
concentrations,  and  the  etticiency  is  increased  by  the  addi- 
tion of  sodium  chloride,  but  diminished  by  the  presence  of 
alcohol,  and  under  the  most  favourable  conditions  it  is  not 
naarly  such  a  jwworful  germicide  as  mercuric  chloride. 
Mercuric  chloride  dissolved  in  absolute  alcohol  has  little 
or  no  efficiency,  and  the  addition  of  sodium  chloride  reduces 

»  Zeitachr,/.  pkysikul.  Cfiem.  18*J6,  sii.,  p.  414. 
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by.     Organisme  in  masBes  are  less  readily  acted 
Lutiseptics  than  when  tbey  are  isolated. 
Qicientjy  of  a  germicidal  salt  in  Bolution  seems  to 
its  dissociation.     It  is  believed  that  the  molecules 
I  in  Boliition    are    more  or  lesB    dissociated  into 
it  electritied  atoms  or  '  ions,'  and  the  greater  the 
311  the  more  active  will  the   substance  be  as  a 
1.    Taking  mercuric  chloride,  bromide  and  cyanide^ 
id  that  the  ionization  of  the  chloride  is  greater 
t.  of  the  bromide,  and  this  in  more  ionised  than 
ide^    and   the   following   results   show   that    the 
,1  power  of  the  three  is  in  this  order :  ' 

Number  of  colonies  which  developed 

After                  After 
Solution                                        'JO  minvitos'        ^.^  minulos' 
LrcMtiuLiut          trciiitiiit'tit 

lie  JI^CI,  in  VA  litres         ,         7                 0 
HgBr,     ,.         „             .       34                 6 
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by  the  fonnula  ^      ^  log     '=K,  where  n^  and  n^  are  the 


1      log  "' 

numbers  of  bacteria  surviving  after  times  ^i  and  t.^  reepec- 
tively,  and  K  is  a  constant.  In  the  case  of  disinfection  of 
anthrax  spores  with  mercuric  chloride,  MisH  Chick  found 
the  mean  value  of  K  to  be  0-44.  In  the  case  of  B.  para- 
typhosiis^  however,  the  course  of  the  disinfection  is  ditifeient 
unless  the  culture  is  very  youn^',  and  Mlhs  Chick  concluded 
that  the  older  individuals  are  less  resistant  than  the 
younger.  The  progreHs  of  heat  diBinfection  apparently 
follows  the  same  course. 

Factors  modifying  Disinfectant  Action.^ — The  effici- 
ency of  a  disinfectant  licpiid  partly  depends  on  its  con- 
centration. The  rate  of  penetration  into  bacterial  cells 
decreases  as  the  concentration  increaseH  a1>ove  a  cert-ain 
limit.  Most  disinfectants  yield,  therefore,  a  greater  amount 
of  disinfectant  energy  pt^r  granmiR-lumr  hi  dilute  than  in 
strong  solutions.  In  oil,  glycerin,  or  alcohol,  disinfectants 
lose  some  or  most  of  their  activity.  Of  fats,  lanolin  alone 
seeniH  compatible  with  disinfticUint  ofliciency.  Some  dis- 
infectants form  an  emulsion  on  the  addition  of  water,  and 
their  eJhciency  for  a  given  amount  of  active  material  may 
vary  within  wide  limits  according  to  the  manner  in  which 
they  are  omulsilied.  The  teniperaturo  at  which  the 
organism  is  exposed  to  the  disinfectant  has  a  considerable 
influence  on  the  extent  or  rate  of  disinfection.  Up  to  the 
optimum  temperature  at  which  the  organism  to  be  dis- 
infected grows  on  the  medium  in  which  it  is  exiK)sed  the 
activity  of  a  disinfectant  may  fall  off  as  the  temperature 
rises,  owing  to  the  increased  vigour  which  tlie  organism 
derives  from  the  improvement  in  its  conditions  in  respart 
of  temperature.  A  relatively  small  difference  of  tempera- 
ture—two   or   three   degrees— may   make   an    appreciable 

*  This  Mclion    i.^  largely  taken   from  Applied  Bacteriology,  Moor  and 
HewIeU.  1S*0; 
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e  in  the  activity  of  the  diHinfectant,  eekI  In  the 
(lull  of  disinfectants  the  failure  to  remember  this 
\rd  to  seriouB  error.     Above  the  optimum  a   rise 
erature  increases  the  activity  of  the  dialnfectant, 
eH  to  an  enormous  extent.     The  same  m  sometimes 
1  even  at  temperatures  below  the  optimum^  when 
uism  is  in  unfavourable  conditiouB  for  growth*     A 
i\[  fliainfectants  in  many  cases  has  a  more  powerful 
lui  can  be  produceii  by  either  separately  i^Cbamber- 
The    reBiBtanee   of    bacteria    to    disinfection    by 
I    iigeneies    m    extremely    variable    and    is    also 
I.     Bacteria  of  one  class  may  be  many  times  more 
1  to  one  disinfectant  than  to  another  when  both 
■es  esert  an  et]ual  effect  on  bacteria  of  another  elasa. 
iirrjfivnfs  fitr  a/t  Effivivnt  Di.'^htfrchfnt.^-The.  con- 
ihirh  ahouUl  hf^  aatistfipd  hy  an  r^Ihcieut  disinfHctant 
ml  Li^e  are  simple,  hut  not  easy  tn obtain.     Because 
H-tant  t^tfei^t  depends  an  tlio  str*'n*^th  af  the  solution, 

■ 
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fihouM  yield  n  clienp  solution  or  emulBton,  not  act  on 
metiils,  iiiid  1)0  noitluir  ciiusLii^  imr  toxic.  Smiiio  diwinfecl^nt 
substances  may  now  be  considered  more  in  detail. 

Acids,  All  aeidfl  have  dminfectant  action,  and  their 
relative  values  are  interesting  in  the  respect  that  for  them 
a  general  law  has  been  fairly  well  estaldiBhed  by  Von 
Linf;elshei!M,  and  confirmed  by  Boer  -namely,  that  the 
efficiency  varies  with  tlve  degi*ee  of  acidity.  Solutions  of 
acids  not  of  equal  percentafi;e  concentration,  but  of  equal 
aciditf/,  have  approximately  the  same  disinfectant  efficiency, 
whatever  may  be  the  acid,  and  whether  it  bo  inorganic  or 
organic. 

The  acids  have  no  great  practical  application  in  dis- 
infection. That  which  has  l>een  most  commonly  used 
is  sulphurous  acid,  applied  either  direct  from  burning  of 
Hul|)hur  (in  whicli  case  it  will  also  contain  SO,^  if  there  is 
fiufficient  mointure  to  hold  the  sulphuric  acid  in  solution) 
or  by  the  use  of  the  liqiiBlied  gan.  It  produces  a  slow 
superficial  disinfection  of  a  weak  and  uncertain  character 
even  in  lalioratory  conditions.  Such  exiierinients  avoid, 
however,  to  a  far  greater  extent  than  is  possible  in  practice 
the  difficulty  of  diffunion,  and  the  unequal  diffusion  of 
sulphurous  acid  in  air  and  itB  small  power  of  penetration 
make  it  loss  efficient  in  practice.  To  obtain  even  the 
poor  efficiency  which  is  itw  niaxinnmi  possible  it  is  nec«8- 
sary  for  the  air  to  be  damp  and  the  room  most  carefully 
sealed,  and  in  these  condilion.s  it  is  often  more  injurious 
to  the  objects  under  treatment  than  to  the  bacteria  against 
which  it  is  directed.  One  of  the  most  efHcient  methods  of 
applying  sulphurous  acid  disinfection  is  by  means  of  the 
Clayton  apparatus.  The  gas  is  generated  by  burning 
aulpliur  in  a  current  of  air  at  a  high  temperature,  and 
contains,  in  addition  to  80^,  traces  of  hif^her  oxides  of 
Biil|>hur.  It  is  also  a  very  efficient  vermin-killer,  destroying 
rats,  cockroaches,  bugs,  fleas,  flies,  &e. 
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ics  and  Soaps. — The  degree  of  fLlkalinlij  a(  a 
tflfects,  but  does  not  by  itself  altogetbei*  determine, 

jcidAl  power,  which  is  alsD  dependent  on  the  nature 
itaL  The  hydratea  of  thallium,  lithium,  barium, 
potassiumj  sodium,  and  ammonia  have  widely 
efficiencies,  roughly  in  the  order  ntimed.  For 
purposes  only   those  of  potassium,   Hodiuni,  and 

I  need  be  considered,^  They  exhibit  notably  the 
itjtie  of  all  diBinfectautfe  that  they  work  much  more 

\y  131  hot  than  in  cold  aolution.  It  is  to  the 
or  alkaline  carbonates  of  potaswium  tmd  sodium 
,sofl[)8  owe  Buch  power  as   they  ijossesa  agaiuBt 

frf^aniams.  The  relative  efficiency  of  soaps  in 
disiiifoetmii  nuiy  he  understated  by  the  results  of 

|ive  experiment  on  labonilory  cultures  because  the 
of  the  miividu'  itsnlf  to  disinfection  hy  t-liemieal 
and^  indeed,  Ijy  otht^r  agencios,  may  be  small 
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is  much  to  he  prefcrrc^d.  Limo  is  ineHicient  against  the 
more  resisfciuit  organisms,  and  lime-wuKlunf;  cannot  be 
cnnfli(l4'rRd  a  Buffieient  precaution  against  thena  or  against 
infections,  Kuch  as  those  of  scarlet  fever  and  smallpox,  of 
which  the  exciting  organism  is  unknown, 

Halogens, — The  disinfectant  vahies  of  dry  chlorine, 
iodine,  and  bromine  are  low.  Both  in  a  dry  and  a  damp 
state  chlorine  iH  inconvenient,  and  tiie  otherB  costly;  and 
the  use  of  halogens  is  therefore  practically  contined  to 
solntiniiH,  notahly  'chloride  of  linio'  fa  inixinrc  of  calcium 
hypochlorite,  hydrate,  and  chloride)  and  hypochlorite  of 
soda  fchloros).  These  have  a  powerful  effect  on  laboratory 
cultures,  but  in  practice  need  to  be  used  in  excess  propor- 
tionate to  the  amount  of  organic  matler  which  may  be 
present.  Thus,  for  instance,  a  1  per  cent,  solution  of 
hypochlorite  of  soda  mixed  with  an  equal  volume  of  urine 
loses  the  whole  of  its  available  chhirine  almost  immediately, 
and  becomes  inert  as  a  germicide.  Where  the  amount  of 
organic  matter  is  small,  and  the  olijects  are  not  likely  to  be 
injured,  the  hyi>ochlorites  are  among  the  best  of  known 
disinfectants,  provided  they  are  used  fresh.  The  slow 
addition  of  hydrochloric  acid,  yielding  nascent  chlorine, 
increases  the  activity  of  a  hypochlorite  considerably. 
Iodine  trichloride  is  a  powerful  disinfectant,  of  which  the 
use  has  been  suggested,  araonf^  other  purposes,  for  the 
sterilization  of  water.  Nesslield  has  suggested  the  use  of 
chlorine  for  steriUzing  water  on  the  large  scale,  and  iodine 
for  the  same  purpose  on  the  small  scale  (p.  "iTO). 

Other  Inorgafiic  Substan-ces. — Solutions  of  salts  of 
mercury  exercise  a  powerful  disinfectant  action  in  pro- 
portion to  the  amount  of  dissolved  metal  which  they 
contain.  The  most  commonly  used  is  the  perchloride 
(corrosive  sublimate).  Apart  from  its  extremely  poisonous 
character,  it  has  the  disadviuituge  of  formuig  with  albu- 
minoid substances  both  insoluble  and  soluble  compounds 

39 
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of  little  or  no  germicidal  value,  sulphuretted  hydrogen 
converts  it  into  the  insoluble  and  inert  sulphide,  and  it 
acts  on  some  metals.  The  addition  of  acids  or  salts 
(e.g.  hydrochloric  or  tartaric  acid  or  sodium  or  ammonium 
chloride)  prevents  or  largely  reduces  the  formation  of 
insoluble  compounds ;  but  it  does  not  prevent  the  reactions 
resulting  in  soluble  substances,  it  may  reduce  the  germi- 
cidal power,  and  the  action  of  perchloride  in  the  presence  of 
albuminoids  is  therefore  very  variable.  The  reduction  in 
germicidal  power  by  addition  of  sodium  chloride  is  well 
seen  from  the  following  results  (Findlay,  loc,  ciL) : 

Number  of  colonies 


16  litreB  of  solution  contained 

developing  after  treat 
ment  for  6  minutes 

mole  HgCI,     .... 

8 

„     HgCl,  +    1   mole  NaCl . 

.        32 

„     HgCl,  +    2  moles  NaCl . 

.      124 

„     HgCl,  4-    4      „     NaCl. 

.      382 

„     HgCl,  +  10      ,.      NaCl. 

.    1087 

Extremely  high  values  were  at  one  time  given  for  the 
germicidal  efficiency  of  corrosive  sublimate.  This  is  now 
known  to  have  been  due  to  its  powerful  inhibitory  action, 
traces  of  the  substance  carried  over  into  the  subcultures 
preventing  growth  (see  p.  617). 

The  Local  Government  Board  recommended  the  follow- 
ing solution  of  corrosive  sublimate  for  disinfecting  purposes : 


This  forms  a  solution  of  1-900  nearly;  it  would  be  pre- 
ferable to  use  1  oz.  of  corrosive  sublimate. 

The   biniodide   is   also  a   powerful   disinfectant   when 
dissolved  in  potassium  iodide.     It  is  not  affected  by  albu- 


Corrosive  sublimate 

.     i  oz. 

Hydrochloric  acid 

.     1  oz.  1 

Anilin  blue   . 

•     5  K»'- 

Water  .... 

.     3gak 
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minoida  nearly  as  much  as   ia    perchloride,  and  may  be 
incorp(jr!ited  with  aoap. 

Soluble  silver  palts  are  powerful  disinfectants,  weaker 
than  mercuric  chloride,  but  far  less  sensitive  to  albuiutiioidH  ; 
in  l)](iod  serum,  fur  inKiance,  silver  nitrate  is  several  timeH 
as  powerful  as  corrosive  sublimate.  They  are  incompatible 
with  chlorides,  except  in  certain  organic  combinations,  from 
which  silver  chloride  ia  only  partially  precii)itated.  Hilver 
salts  are  iwisonous,  though  less  so  than  those  of  mercury- 
Iron  and  zinc  aalts  have  been  credited  with  useful  dis- 
infectant action  ;  but,  in  fact^  their  value  is  very  small, 
and  no  practical  account  need  be  taken  of  them.  A  very 
strong  antiseptic  power  has  been  attributed  to  copper  salts, 
which,  according  to  some  experiments,  ext^rcise  a  sufficient 
disinfectant  action  on  sporeleBs  organisms,  such  as  the 
B,  typhosus,  to  enable  drinking-water  to  be  uterilized  from 
such  infections  by  the  small  quantity  of  copper  which  it 
dissolves  (p,  576). 

There  is  some  ground  for  connecting  the  disinfectant 
action  of  metallic  salts  with  a  reducing  action  on  some 
forma  of  protoplasm,  as  pointed  out  by  Loew. 

The  permanganates  have  considerable  germicidal  power 
when  in  sti'ongly  acid  or  alkaline  solution,  but  the  rea<iine8s 
with  which  they  are  affected  by  organic  substancea  makes 
them  unsuitable  for  practical  use.  Peroxides  and  ozone 
are  open  to  the  same  objection,  and  liave  less  diKinfectiint 
power.  Hydrogen  peroxide  is  used  in  the  Budde  process 
for  sLeriliKing  milk  (p.  591),  and  oaone  has  been  practically 
applied  in  the  sterilization  of  water  suppHea, 

Organic  Substances.  The  methane  and  the  aromatic 
series  furnish  the  disinfectants  which  are  most  important 
in  practice. 

Alcohol  itself  possesses  some  disinfectant  power  for 
sporeless  organisms,  but  only  when  absolute  or  in  very 
strong  solution. 
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Formaldehyde  in  hy  far  the  most  important  of  ine 
methane  group.  It  can  l>e  applied  either  hk  a  Kohition 
(formalin)  or  as  gas.  The  gas  can  be  i)rodact^d  by  the 
incnrnidete  combuBtion  or  oxidation  of  methyl  alcohol,  by 
the  evaporation  with  or  without  pressure  or  Bprayiug  of 
formalin,  either  alone  or  mixed  with  calcium  chloride  or 
glycerin,  by  the  de-polymerization  by  heat  of  the  solid 
polymer  paraformaldehyde^  or  by  mixing*  this  substance 
with  potassium  permanganate.  A  number  of  apparatus 
have  been  designed  for  the  production  of  formaldehyde 
gas  for  disinfection.  In  any  form  the  gas  seems  to  give 
little  more  than  superficial  disinfection*  and  to  require 
precautions  to  ensure  diffusion  throughout  the  atmosphere 
of  a  room.  The  conditions  desirable  for  diainfection  by 
formaldehyde  gas  are  saturation  of  the  air  with  moiature, 
maintenance  of  a  good  room-temperaturo»  sealing  of  the 
room,  the  use  of  at  least  (JO  grams  of  formaldehyde  per 
1000  cubic  feet  (preferably  more,  up  to  120  grams),  and 
in  the  case  of  large  rooms  mixture  of  the  gas  with  the  air 
of  the  room,  either  mechanically  or  by  the  provision  of  a 
multiplicity  of  inlets  for  the  gas  into  the  atmosphere.  By 
the  use  of  a  vacuum  formaldehyde  can  he  evaporated  in  a 
closed  chamber  at  temperatures  ind  liferent  to  many  sub- 
stances which  will  not  stand  steam  at  100^  and  consider- 
able penetration  can  be  obtained  (Defrien  jtrocoBs).  As  a 
spray  formalin  can  be  used  in  any  ordinary  apparatus. 

Of  the  aromatic  series,  the  number  of  substances  and 
preparations  is  extraordinarily  large.  The  standardization 
of  methods  of  examination  will,  it  in  to  be  hoped,  eliminate 
the  \sm  efficient. 

The  best  known  is  phenol  (carbolic  acid).  Its  saturated 
solution  contains  (*  lo  7  i>er  cent.  It  is  only  slightly  affected 
by  albuminoids,  and  generally  is  stable  in  the  presence  of 
organic  matter  at  ordinary  temi)eraturea.  Its  compounds, 
when  it  forms  any,  have   themaelves  Bome  disinfectant 
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action.  With  acids  this  action  is  asually  greater  than 
thftfc  of  pure  phenol,  with  alkalies  less.  Li^ht  ieiuls  to 
decompose  it^  but  the  etliciencj  is  not  atTected.  It  is 
poisonous  and  caustic  For  practical  uaes  its  chief  value 
is  as  a  standard,  as  IIb  ditiinfuctaut  value  is  cuiuparatively 
low,  and  for  spore-bearing  organisms  it  is  practically  use- 
less. Like  the  creHols,  its  ellieiency  in  greatly  increased 
by  the  addition  up  to  saturation  of  common  salt  or  hydro- 
chloric acid.  The  following  results  well  demonstrate  the 
increased  genuicidul  power  of  phenol  by  additions  of  sodium 
chloride  (Findlay,  loc.  cit,) : 

Autlirax  spores  trcnted. 
Numberof  colonics  develop- 
Solution  ing  after  trciUnicnt  (days) 

8  per  cent,  phenol 

3         „  „       +  1  per  cent. 

8        „  „       -^  8  per  cent. 

Probably  the  addition  of  salt  alters  the  distribution  of  the 
phenol  between  the  water  and  the  cells,  addition  of  salt 
increaaiug  the  concentration  in  the  bacterial  cells. 

'  Crude  carbolic  acid  '  consists  mainly  of  cresola  and 
higher  phenols  in  proportions  largely  dependent  on  the 
source  of  the  tar  from  which  they  are  prepared  ;  phenol 
is  nearly  absent  from  it.  By  themselves  the  cresola  are 
extremely  insoluble  in  water  ;  in  oil  or  alcohol  they  have 
little  or  no  disinfectant  value.  Cresols  are  much  reduced  in 
olliciency  by  albuminoitls.  In  baturated  salt  solution  the 
disinfectant  value  of  crude  carbolic  acid  is  greatly  increased. 

Ordinarily  neutral  tar  oils  with  no  appreciable  disinfec- 
tant value  are  left  in  or  mixed  with  tar  distillate,  and  the 
saponified  product  produces  an  emulsion  with  water.  In- 
numerable products  of  this  type  are  made.  Tlieir  efliciency 
varies  not  only  Avith  their  active  ingredients,  but  also  with 
the  eharacter  of  the  emulsions  which  they  form,  from  about 
the  same  as  that  of  phenol  to  about  three  times  as  much. 
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Tcially  they  are  known   aB   soluble  carbolic  acid, 
creosote,  J^c.     Creolin  ia  a  type  of  numerous  pre- 
nn  of  the  same  character.     They  are  all  ^MDiaonous 
iHiiive  to  albuminoids.     If  naphthalene  is  present  in 
it  is  deposited  in  cold  weather  on  standing.     Lysol 
\\y  ii  snlution  of   the  creaols  in  fat  or  linseed  oil 
ml  vf'iih  addition  of  alcoboL     It  gives  a  clear  aolu- 
ith  water,  having  slightly  less  efficiency  on  naked 
■I  i\mn  cresol,  much  superior  solvency   for  greasfij 
.lal  sensitiveness  to  albuminoids.     A  number  of  pro- 
y  diRiTifectantH  of  high  germicidal  power  are  now  to 
sitied.     Such  are  cyllin,  McDougaira  MX).H,  Huid, 
id  keroL     The  active  agents  appear  to  he  oxidi^sed 
ai'hons   without   phenol    or   cres^ol,   in    emulsion   in 
oapH,  ttc.,   and  ihi^y   are   comparatively   non-toxie, 
tivD  priiicijile  of  cyllin  is  an  oxidized  hydrocarbon, 
!L  ili-phenyl  luideus  in  place  of  the  single  phenyl 
:  in  csirboHc   acid  ;  it  ia   iuaoUible  in   water,   henc^e 

1 
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Carbolic-acid  Coefficients  obtained  by  ike  Ridcal-Walker 
Method^  (p.  617). 


Date 

OwboIloiicU 

TMiiIiir«rttLDt 

ObMrrvr 

of 
Bxporl- 

Oi^t&nUm 

(CttrtMllo 

ment 

Aotil  3  I) 

oos 

Ahsolnte  nloohol 

Fowler 

8.05 

li.typlumts 

IJoric  woid 

Walker 

10.01 

ti 

0(?) 

Cliinosul  .... 

1       Fowler 

11. OH 

0-15 

ChloroR    .... 

1       Fowler 

1.04 

210 

,.     (with  50  per  Cf  nt. 

orin«)  .... 

Walker 

7.0(i 

n 

8-0 

Copppr  sulphate 

11 

0.04 

1* 

004 

Cyllin*  .        .        .        . 

Fowler 

11.06 

11 

140 

,.      (with  60  per  cent. 

Qhne)  .... 

»• 

5.06 

»t 

u-o 

Cyllin      .        .        .        . 

Klein 

5.05 

If.  pyogenes 

9-3 

„          .... 

Simpson  (ind 
1     Hewlett 

(J.Ofi 

ii.pestia 

34-0 

Fumiiiliii 

,       Fowler 

S.05 

B,  i^fpho*u» 

0-7 

riytlrochloric  acid   . 

Walker 

2.05 

•1 

no 

1  Uii\*       .         .         .        . 

Fowler 

3.00 

■f 

no 

'  Kerol  •    .         .         .        . 

„ 

0.00 

•• 

120 

»,     (with   50  per  cent. 

urine)  .... 

•• 

8.06 

t» 

6-5 

Little'ft  phenyle 

It 

6.04 

t» 

90 

LyAol       .         .         .         . 

!• 

3.06 

If 

-l^ 

Morouric  chloride    , 

1                           ,, 

8.09 

,, 

1000-0 

•  1                     n                   •               - 

Walkfif 

B.06 

1           .* 

4000 

Potass.  pensAnganftte 

Fowler 

8.05 

M 

42-0 

„  (with  3  per 

eent.  organic  matter)  . 

1       Walker 

1.07 

•  > 

10 

Zino  chloride  . 

1            •* 

1.06 

0-15 

*  Tfafl  garcnlaiOal  cffieteiiny  of  thew  mitMCaocaA  lui»  been  IncreaMd  Blnre  the  dnte  of  the 
experioHtiti  recrordeO. 

Iodoform  is  viiluable  for  dusting  wounda,  though  its 
penetrating  odour  is  objectionable,  and  has  led  to  the  intro- 
duction of  many  Bubstitutes,  Its  value  as  an  antiseptic 
has  been  greatly  discussed  ;  micro-orgauisms  will  develop  in 
nutrient  media  containing  a  considerable  proportion,  but 
probably  when  in  contact  with  living  cells  a  decomposition 
is  effected,  free  iodine  being  liberated,  hence  its  value. 

The  Essential  Oils,  Peppermint,  Mustard,  Cloves, 
Thymol  and  Menthol  are  powerfully  antiseptic, 

'  Fowler,  Joi/m.  Boy.  Army  Mi>*i.  Oor/*s,  July  1907. 
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iisaless  to  add  a  small  quantity  of  disinfectant  to  a  l^ffJu 
(jf  tluM  or  solid  ;  the  disinfectant  must  be  added  in  suffi- 
louQt  SO  that  tho  mixture  contains  the  minimam  per^ 
which  has  been  found  by  expenmont  to  be   efficient. 
reason  the  attempt  to  disinfect  sewofs,  eewagc,  streets, 
elatively  small  quantities  of  disinfectants  is  useless,  and 
ey  so  waHted  would  be  far  better  employed  in  providing 
iter  for  flushitiir  purpoaea. 

lodical  practice,  while  antiacptica  can  be  applied  locally 
tiQess  and,  to  some  extent,  for  disinfecting  tho  alimen- 
ct,  no  substance  has  yet  been  discovered  which  can  bo 
Lored  with  safety  to  such  a  degree  as  to  saturate  the  body 
xert  a  general  germicidal  action  in  infective  diseases. 
Lir^dcat   practice   no    unbiased   observer   can   doubt    the 
of  antiseptic  treatment,  but  many  so-called  '  antiseptic 
113  '  ait  marred   by  faults  of  omission  and  conimisftion 
inder  them  far  from  bein^'  perfectly  uutiseptic.     There 
1  Homt^  controversy  Ijotwoon  the  advocates  of  *  antiseptic  * 
iiHt^ptic  '  surgory.     UndouliLedly  imtiseptichj  do  diminish 
lity^  and  tluireforc  the  reparath^  power,  of  the  tisauoB, 
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fnp  a  given  time.  After  treatment,  the  threads  are  thoroughly 
washofl  with  distillotl  water  to  remove  the  antiseptic,  and  d{>wn 
on  the  surface  of  agar  or  other  suitable  cuUure  medium.  If  no 
growth  occurs  the  organisms  are  assuiuetl  to  have  heen  destroyed. 
As  a  matter  of  fact,  however,  it  is  extremely  difficult  to  get  rid 
of  the  Itist  traces  of  the  antiseptic,  which  may  inhibit  growth 
although  the  organisms  may  yet  be  alive,  a  fallacy  which  cauf*od 
an  exaggei*ated  value  to  be  assigned  to  many  substances — for 
example,  corrosive  sublimate.  The  thread  method  may  still  be 
employed,  but  after  treatment  the  thready  should  be  sown  in 
bouillon,  ur,  better  still,  if  pathogenic  organiHms  be  the  subject 
of  experiment,  iuoeulated  into  a  susceptible  animal. 

In  experiments  with  corrosive  sublimate  by  whatever  metliodt 
the  last  traces  of  Ike  substavce  fnusi  be  concerted  into  the  inert 
sulphide  by  treatment  with  sitlphurctted  hydrogen. 

2.  Garnet  Method, — Small  garnets  the  size  of  a  pea  are 
sterilized,  soaked  in  a  suspension  or  a  broth  culture  of  the 
organism,  removed  and  dried.  The  garnets  with  the  organisms 
attached  are  then  soaked  in  solutions  of  the  disinfectant  of 
known  strengths  for  various  periods  of  time,  they  are  then 
removed  from  the  solution,  well  washed  with  sterile  water,  and 
finally  placed  in  tubes  of  broth. 

3,  liideal-  Walker  or  Drop  Method. — Moor  first  suggested  that 
the  germicidal  efficiency  of  a  disinfectant  might  bo  compared 
with  that  of  a  standard  solution  of  carbolic  acid,  which  has  a 
dolinite  composition,  is  stable,  and  can  he  accurately  standardized, 
and  Rideal  and  Walker  devised  an  ingenious  and  simple  method 
for  carrying  this  out.  A  special  test-tube  rack  is  very  con- 
venient (tig.  72)  in  which  the  lower  tier  has  five  holes  which 
hold  three  or  four  tubes  containing  solutions  of  decreaaing 
strengths  of  the  disinfectant  to  be  tested,  and  two  tubes  or 
one  tube  containing  standard  carbolic  acid  solution  of  known 
strength  for  comparison.  The  upper  tier  has  thirty  holes  in  two 
rows,  and  spaced  into  six  sets  of  five  holes  each.  These  hold 
tubes  of  sterile  nutrient  broth  which  are  numbered  from  1  to  30. 
The  test  ia  usually  made  with  a  broth  culture  of  B.  typhosus^ 
but  other  organisms  may  l>e  employed.  The  process  is  as  follows  : 
The  five  tubes  in  the  lower  tier  each  contain  3  c.c.  of  the  dis- 
infectant and  carbolic   solutions.      Into  each  in  succession,  at 
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intervals  of  half  a  minnte  three  drops  of  the  typhoid  broth  cul- 
ture are  added  with  a  pipette.  Half  a  minnte  after  the  last  tube 
has  been  ingeminated,  a  loopful  is  taken  from  the  first  tube  and 
inseminated  into  the  first  broth  tube,  and  this  process  is  repoatetl 
nt  half-minute  intor\'als  until  all  the  br<tth  tubes  have  been  in- 
oculated. The  incculftted  broth  tubes  are  then  incubated  at  H7°  C. 
for  three  days,  and  the  occurrence  or  not  of  growth  is  taken  as 


a,  7"2.—  Tkht  Ti:iiK  i;\(  a  v. 
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Ti-siiNu  Di.si; 


1.1  lAMd. 


indicating  the  killing  or  non-killing  of  the  organism  respectively. 
Obviously  the  first  set  of  five  broth  tubes  inoculated  are  sub- 
cultures in  which  the  organism  has  been  acte<l  upon  by  the  dis- 
infectant and  carbolic  solutions  for  2^  minutes,  the  second  set 
for  live  minutes,  and  so  on.  The  results  (taken  from  an  actual 
test)  may  l>e  chartcH]  as  follows  : 

B,  typhostiSt  2i-hoiir  broth  culinre  ai  87*  C. 
Boom -temperature.  60°  F. 


DlilDfiietiuit 

nUaUon 
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From  this  it  will  be  seen  that  the  disinfectant  X  in  a  solution 
of  1  in  1600  kills  in  the  same  time  (7^  minutes)  as  carholic 
1  in  100,  This  result,  is  expressed  as  a  coefficient  oi)ta,ined  by 
dividint?-  the  strength  of  disinfectant  by  the  strength  of  carbolic 
which  each  kills  in  the  same  time :  in  the  present  instance 
the  co-efl6cient  is  \*';'„"  =  ieO,  and  this  figure  is  known  as  the 
'  Carbolic-acid  Coefficient/ 

Precautions  to  be  taken  in  carrying  out  th^  Te8t.—{X)  The 
culture  should  lie  a  broth  one  about  twenty  to  twenty-four  hours 
old,  and  should  be  free  from  clumps;  this  may  bn  attained  by 
filtration  thrnuj^h  paper. 

(ii)  The  carbolic  arid  Rhon\d  bo  kept  in  the  form  ofaS  percent. 
Bqneou^  solution  standardized  by  the  bromine  method.  FaHing 
this,  the  solutions  may  he  made  with  the  Aridum  carhoiicnm 
lifliufacium  of  the  Pharmacopada,  which  contains  100  parts  of 
phenol  in  110,  but  is  not  absolutely  constant  in  composition. 

(3)  All  measures,  pipeiie&^  and  test'tuhis  used  for  making 
dilutions  Bbould  be  sterile. 

(4)  The  dilutions  of  the  disinfectant  and  carbolic  should  be 
made  with  sterile  distilled  water. 

(5)  The  broth  used  for  culturing  and  subcuHuring  should 
have  the  following  oompoaition : 


Lemco 
Peptone 
Salt     . 
Water 


20  grams 
20  j^rams 
10  grams 
lOm  c.c. 


The  medium  should  bo  standardized  to  a  reaction  of  + 10  (Eyre's 
scale). 

(6)  The  loop  used  for  subculturing  should  have  an  internal 
diameter  of  H  mm.,  and  be  made  with  platinum  wiro  of 
27-28  B.W.G. 

(7)  Growths  in  the  subcultures  should  be  obtained  in  thoeo 
taken  at  not  less  than  two  and  preferably  at  three  of  the  time 
intervals  (2^,  5,  and  7^  minutes)  from  both  the  disinfectant  and 
the   carbolic  solutions  which  correspond. 

(8)  The  temperature  at  which  the  determination  is  made 
should  be  noted,  and  the  strength  of  carbolic  varied  accordingly 
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Ir   66^-62^  F.,   1  110  for  62^-67^  F.,  and   1-120  for 

for  B.  t^pJwsiisjf  or  the  determination  mny  bo  made 

tard  temperature  (e.g»  20**  C.)  fay  warming  (or  cooling) 

ictant  and  catbolic  tubes  in  a  water-bath, 

|hen  the  organism  doea  not  form  a  uniform  culture  in 

ispension  of  an  agar  or  other  culture  must  be  madi^  in 

filtered.      Sub-culturing   in   some   cases   {e,^.  with 

must   bo   made   on   agar  or   other   suitable   culture 

jethod  ia  an  admirable  one  for  duterminiug  the  relative 
of  disinfectants  on  iiakcd  organiaraB  in  the  absimcs  of 

latter.  But  in  practice  diainfection  is  almost  always 
\ii    in   the   presence    of   organic   matter,   and  various 

13  have  been  made  with  a  view  of  introducing  thia 
[to  tho  test,  for  the  presence  of  organic   matter  may 

1*.^  ciirlioUc-acid  cot-ftieient  of   many  ilisiufectants  {aeo 

ill,  and  bibks  p,  (j15)     Amon^  the  substances saggestod 

faces,  2  pCT  cent,  suspmisiou  of  dritid  and  sterilized 

p  milk.     Konwnod  and  Hewlett  found  tbufc  the  presence 


FRENCH  WEIGHTS  AND  MEASUBES  AND 
THEIR  ENGLISH  EQUIVALENTS 


1  ft-  (micron} 

1  mUlimetrc 
2'5  niillimatres 

1  centiini'tre 

2a  ueniiuietres 

5  cenliraetres 

1  griim 

i  graniB 
28  grama 

1  kilogram 

1  cvibic  centimetre 
d]  cubic  centimetres 
28  cubic  centimetres 
568  cubic  centimetres 
1  litre 


OOOl  milltmetre{2jJL_inch, nearly). 

0-04  {^]  inch, 

1  inch. 

0-39  inch. 

1  inch. 

'2  inches. 

15^  (15-432)  grninn. 

1  drachm  (upothooaries*),  nearly. 

1  ounce  (avoirdupois),  nearly. 

2-2  pounds  (avoirdupoia). 

1  pound  favoirdupolB),  nearly. 

IG  minima,  nearly  (16*23  minims). 

1  Hulrl  drachm,  nearly. 

1  fluid  ounce,  nearly. 

I  pint  (^  litre). 

II  pints,  or  35  fluid  ounces,  nearly. 


SOLUBILITIES 
Amount  of  Suhbtanob  contained  in  10  c.c.  of 
A  Saturated  Solution 

Alcoholic  tiolation  of  methylene  blue 0068  jgram. 

Aqueous  solution  of  methylene  blue 0004  grtim. 

Alcoholic  solution  of  gentian  violet 0-443  gram. 

Aqueous  solution  of  Rentiiin  violet 0175  smm. 

Alooholio  solution  of  fuchein 0292  gmm. 

Aqueous  solation  of  fuchstn UOOU  gram. 

Aqueous  solution  oJ  coiToaivo  sublimate         .        .        .     -  •  0-G07  gram. 
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1 

INDEX. 

A.iiBiinATiONt  130 

AnaKBOOIC    CULTl'HEH,  ()2 

AbioBcneBis.  4 

8tAb.  ti2 

Abscesses,  multiple,  203 

in  nitrogen,  H4 

Achalmu's  bacillus,  SSO 

BuchnerV  tubes,  ti4                                i 

Acid  aleuliul  in  Gram's  uietiiotl,  93 

in  viieuu,  63 

Acid-fant  orgHniwrnH,  27fi 

in  hydrogen,  65                                       ' 

in  milk,  A-c.  31tt 

in  fornifttt 

*  broth,  68 

Actinomyces,  cultivation,  428 

in  Milpbiii 

digotut«  broth,  68 

inocutiitiun  of,  4H(J 

Dcairp  method,  UH                                     i 

vai-tPties,  431 

Fraiikerri  method,  65                              ' 

ActiiioiuycosJs,  4'iO 

Hamilton's  method,  «3 

clinical  examinaliun,  431 

wrikcr'B  method,  67 

humuii.  427 

plate,  73 

in  cattle,  42<; 

Anuerobie  organisms,  I'J,  3^5 

spread  of,  430 

Analysis  of  yeasts,  439 

staining  of,  431 

Anitphylaxia,  ll>i* 

Aerobic  organisms,  19 

Auj^'ltia,  Vincent's,  272 

A«ar.  50.     Scf  Culture  Media 

Anilin  dyee  as  diHinfectants,  614 

Agglutination,  168 

Bluin.s,  8U 

AfEre^isins,  162 

water,  90 

Air,  bacteriology  of,  5^ 

Animals,  disaection  of,  1 15 

exauiination  of.  582 

inoculation  of,  113 

of  sewen,  687 

Anlhracis,  bacillus,  229 

Air  psBsages,  organisms  of,  543 

Anthrax,  228 

Air-pump,  41 

bncillu^  of,  229 

Alcohol,  ftbrtolutt',  77 

diagnoaia  of,  238 

fynnatiiiiiof,  32,  301,447 

occurrencL'  of,  233 

for  tixiiig,  7ti 

aerum  for,  297 

iiDd  ether  for  fixing.  87 

spread  of.  234 

oa  nn  antiseptic.  341,  611 

syniptonitttic,  406 

methylaled,  76 

vaccine,  2H7 

Alcssi'aexptrimentd,  340 

Anti-bodies,  139                                                      j 

Alexinii,  158,  180.  183 

Antigen.  139                                                            " 

Alg«,  8 

test.  535 

destruction  of,  576 

ADtiseptic  action,  conditions  modi* 

in  wftter,  579 

fying,  605 

AnKf-ba  coli,  UiQ 

power,  detenniustion  of,  616 

diiL^^iuHiH  uf,  4li2 

treatment,  616 

Ajuiuba-,  inter!tirml,  400 

Antiseptics.  602-616 

Ammonia  not  pyogeriie,  202 

definition  of,  U02                        ^^^^H 

production  of,  28,  SO 

Aoti&era,  156                                   ^^^^H 
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coll.  355 

Qonimiiniorf  35ll 
immuliitis,  ^3!; 
corjpzff.  274 

diphtherokK  2l"iS,  271 
en1*ritiilk  337,  a47.  507.  39(1 

sporogenps.  402.  40'» 
ftPf'ftlU  ulktibginc^,  574 
]iliinien(473^i^9,  5H7,  fiU7 
fluori^acensi  ]u|t]cfiu!ienH,    9i. 

ai6,  o5-5,  5W7,  5n7 
fltjoresceriH   nDu-liquofixcifiiis, 

(asiiofmis.  973 

icleroidos,  351,  541 

lactie  [^erogeuuN,  «i64i  590 
lepnn,  309 

m«?gaterumi,  J5117 
ni«Hftnt<^ticns>  510»£$7.  fiOT 

muca^us  capsul^tttt^n  235 
xnttrjacpticas,  SHS 
myoGidep,  28,  5«5*  587,  597 

ol  Acilialme,  402 
of  black  quiLrter,  4D7 
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Uacillus  of  swine  fever,  350 

Bacteria,  structure  of,  0-13                      ^^^^M 

of  swine  plague,  3H'i 

of,  57,  110  et  stq,                  ^^^^H 

ol  Bvniptomatia  anthnix,  407 

themiopltihc.  18.  585                       ^^^^| 

of  sVphilis,  314,  532 

vitality  of  buried,  586                              ^H 

of  xerosis,  273 

Bacterial  poisons,  136                                           ^H 

Opiilor-lioB9.  527 

producta,  22                                                        ^ 

[laracoli.  3*27.  34H 

BaGterioloh'ictxl  diaguosis.     Sw  Ex- 

panayphosus. :U1,  347.  348 

aminations 

pif'rfriu^vnH,  -102 

microscope,  123 

ptJAtia.  :M)1 

Bacteriolysis,  157 

pncumonicB,  235, 384.389.  iOi 

BactcriotrupinoM.  VJ*J 

pTudiniosus.  51*7 

Bacterium,  definition  of.  Iti 

protetis,  2A.  2H,  217,  521,  580, 

apcciea  nf.     See  Bacillua 

r>H7.  597 

teruio,  28,  597 

psL'Uflo-diphttiuritu.  203 

Bftcttroids.  31 

pMC'Uilo-djMntfrriie,  327,  352 

BuUntidium  coli,  475,  522 

p^^euiio-tuberculosis,  »08, 370, 

Basic  products,  35                                       ^^^^fl 

nm 

Beale'a  Carmine,  93                                    ^^^^H 

psittaciiJtiH,  H^l 

Boll- jam.  41                                                  ^^^H 

piitriflcas  coli,  544 

Beri-Beri,                                                      ^^^H 

pyocvancuB,   214,   518.    522, 

Berkefeld  lilter.  42,  57U                                 ^^^H 

588 

Bird-pox.  18.^.  517                                       ^^^H 

pyoKenea  fetldua,  362 

BiunuLrck  brown,  91.  270                            ^^^^| 

autejcmtttis.  313 

Black  leg,                                                      ^^^H 

BuUilia.  587.  597 

Black  quarter.  406                                       ^^^^1 

BuiuholiTiu,  350 

BlackwiUer  fever,  490                                 ^^^^H 

KLiipestifer,  370,  382 

Ulaatuniyretcs,  437                                      ^^^^H 

telaiii,  39(i.  585 

classilicalion,  J  87                            ^^^^H 

t!jiir>thy  «riisn,  HIO 

exaiiiiniition,  442.  444                              ^^H 

tuln'Toulosis,  279 

fermi-ntative,  440                                      ^^^ 

typhosus.  327 

identitication.  439 

typliiuiuriuiu.  327,  347,  351 

pathogenic,  443 

typlioeimilin.  327 

spores  of.  439 

vib^iniB.  545 

BbiBtomyaetic  dermutitis.  444 

violaceus,  34,  579 

Bleeding  animala.  IKi 

Welchii,  402,  .5fil 

'  Blood  filuiB,  87.  4!K) 

X..  .540 

Blood,  germicidal  action  of.  179. 189 

xerosi-*,  273 

piinisites  of  birds,  Ac,  493 

Dncteria,  action  on  artitioial  augars, 

Bcrum.  52,  53 

20 

to  obtain.  52.  53,  116                                        i 

daBsifieation  of,  14 

'  Blood.agar,  54,  407                                       . 

conditions  of  life  of.  17 

Bluo  pus,  214                                            ^^^H 

effect  of  electricity  on,  22 

Boila.  205                                                      ^^^H 

efTwt  of  lighten,  21 

Bordet-Dnrham  reiLction,  109                    ^^^^H 

effect  of  prestiarc  on,  21 

Boric  acid,  Old                                             ^^^^H 

influence  of  chemical  agenti< 

BotuIi]unut>,  5UG                                              ^^^^H 

on.  19 

Bread,  696                                                           ^H 

influence  of  oxygen  on.  19 

Bromine,  609                                             ^^^H 

influence  of  radium  on,  22 

<  Bronehitia,  390,  394,450                           ^^^H 

influence  of  temperature  on, 

,  Bronchopneumonia,  383,  387                  ^^^^H 

18 

Broth,  47.     See  Culture  Media                 ^^^^B 

DotritioD  of.  18 

Brownian  movement,  121                         ^^f^^H 

BQlective  action  of,  20 

Bubonic  plague,  3titi.     See  Plague    ^^^^^^^| 

4U      ^^^H 

3"^^ 
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CorruHive  sublinmlc  m  a  <1islnfec- 

CuLTDitK  MKinx-cont,:                             ^^^^H 

ttint.  ooy,  (HO,  r»i7 

Endo's,  573                                                 ^H 

for  fixing,  77,  ."iia 

Gelatin,  49                                                ^^ 

Cover-glaBS  spectroens,  84 

beer-wort,  49 

of  blood,  N7,  4U0 

carbol,  567 

Btaiaing,  'J7 

distilled  water,  555 

Creitm.  500 

glucose,  49 

Creolin.  G14 

Hiss's,  268 

Creoaolo,  6U 

Hydrocele  fluid,  58 

Cresol.  (513 

Litmus,  51 

Cnthidiii.  4t)6 

LotHer's  (for  typhoid).  57a 

Croup,  210 

Malachite  »rreen,  326,  573 

Cultures,  amiOrohia,  ft3 

Milk,  51 

hanRing-ilrop,  120 

NeiUral  retl,  567 

plftte,  68.  7a 

Nitric  and  nitrous,  29 

preservitig,  107 

Parietti's  Hulution,  558                                       i 

roll,  n 

Pftflteur'a  tluid,  56                                                   | 

shake.  74 

Peptone  water,  48                                               1 

vitality  of,  H2 

Uunhiim's,  48 

Cirr.TmiE  Media:  — 

Petruschky'a,  360                                                 . 

Agftr-apar,  50 

Potato,  51                                            ^^^^ 

Blood.  54,  407 

glycerin,  280                                    ^^^^H 

Gonrudi-Drii'tklski,  ^iG*^ 

Pruskauer-Capaldi,  359                      ^^^H 

distilltid  wut^r,  556,  593 

Standard,  56                                        ^^^H 

ruchsin.  573 

UsebirHlcy'a  Huid.  55                          ^^^^H 

glucose,  51 

Whey,  litmus.  360                                ^^^H 

glycerin,  51 

Cystitis.  362,  597                                             ^M 

hjDinoRloliin,  54 

CytiLse^,  183                                                         ^H 

litmu.'^,  51 

Cytoryctcs  lai»,  532                                           ^^H 

iHitlncbite  greeu,  573 

Tariolie.  514                                       ^^^^M 

u]i*Iti>Ro.  463 

Gytotoxins,  167                                           ^^^H 

Daij^ar,  219 

^^^^1 

potato  blood.  529 

^^M 

rebjt>clftgar,  669 

Danvwc  bacillus,  327.  351,  386                           ^M 

Bcruin,  53 

eflTect,  163                                              ^M 

Alknli-albumin,  54 

rat  viruH.  351                                          ^^M 

ABeikiolluid.5H,  219 

Deneke'K  flpiriltum,  424                            ^^^^H 

Beer-wort.  49 

Dcnicue.  520                                                ^^^^^| 

Bile  (for  typhoid),  345 

Deodorants,  602                                          ^^^H 

Bile.Bfttt.  567,  fi6H 

Dermatitis,  blastomyoetio.  444                 ^^^^H 

Broth.  Kcifl  boef,  46 

bullous,                                          ^^^^H 

ascitic  lluid.  53,  219 

Desiccation  an  a  diHiafector,  602               ^^^^H 

formate,  74.  56H 

intlueiicf!                                               ^^^^H 

gluooae.  49 

DiflgnoBiK,  hactcriologicnlorclinicul.          ^^^^| 

glycerin  beef,  47 

Her  Kxnminalions                                      ^^M 

Lemco.  4rt.  619 

Diarrhira  of  jnf)int>t.  351,  521,  590           ^^^M 

peptone  bi^ef,  47 

Dilution  metbtx),  68                                    ^^^H 

suIpliindlgotiite»  74 

Diphtheria.  240                                           ^^^H 

veal,  47 

Hitiolof>y  of.                                      ^^^^H 

Blood-aenini,  53 

antitoxin,  246,  255.  260                   ^^^H 

Huid.  53 

siandiirdization,  257                     ^^^^H 

Loaicr'u.  53 

^^^H 

Eggs.  64 

value  of,  260                                  ^^^^B 
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losis  of,  345,  2GS 
of,  24<> 

milk,  252,  594 
illus,  MIS 

lid  foftnatifm,  244 
jriiientHiio]]  reiictionB,  2C8 
iohvtion  ot,  24'2 
[[LthoKctiiti  fiction,  249 

seudo,  263 

irc;ad  fonmg,  a4B,  271 
ixiDS^  25^ 

.rieties,  242,  247 

ibranc,  249 
<  ol  tj^aminoitioiis  for^ 
E4H 

lower  fiBimals,  251 
■iilves,  375 

igtona,  274 

It!  roui},  27ij 
irilis,  250 

Hti  iiiuiiir,  2^in,  'ioa,  'i74 

!21 


EC2EMA,  €22 

ElltuetitB^  i«^wage„  5S7,  5^ 
E|?e  cultures,  ^4 
Ehrlich-Biondi  filajti,  9'i 
Electricity,  4>ff&ct  of,  oti  bacteria^  22 
Embedding,  gam,  IS 

pjiraiiin,  80 
Kinpyenia,  SaO,  388 
Eoilo't;  fiiebsLD  inKii^r,  673 
EntlocardLLis,    infective,    205,     210, 

222,  387,531 
EndotoxtDS,  ISO 
EniichiDent  methods,  572,  573 
EtitamcebA,  460 
EDterltis,  3t]2 

fowl,  422 
Eniiinetatton  of  orgimisms,  71, 1^8 
Enzymes,  32 
Eosin,  Ul 

Eppinger's  strcptotbrix,  431 
ErysijH^lsis,  210 
Esiumrch'ti  roll  cultures,  T';* 
Ether  (iml  alcoliol  for  Jixing^  «7 

frecainp,  711 
Kvftporiitioii,  41 


^M 
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Fermentation,  31,  438                                       ^H 

CUXICAL   DUONOSE8-COM^  : 

acetic  acid.  33                                        ^H 

Ice  aod  ice-civaius,  576 

alcoholic.  32                                            ^^ 

Influenza,  394 

bottom,  440                                                         1 

Koch-Weeka  Lacillus,  5'iO 

batyric  acid,  33 

Leprosy,  313 

lactic  acid,  33 

MalariiL,  490 

top.  440 

Mulignant  discoBO.  512 

tube,  74 

Malignant  ccdema,  405 

Ferments,  32 

Meat,  60G 

anti-,  175 

Milk,  593 

Films,  S4 

Moulds,  450 

blood.  87.  490 

Opsonic  index,  192 

InterlainelliLT.  122 

Ffeifler's  reaction,  159 

Filters,  42,  577                                                           , 

PhAgoojtosis.  180 

Filtration.  42.  577 

Plagne,  aso 

oa  a  disinfcctor,  602 

Pnuumonirt,  'MM 

sand.  549                                                     1 

Protozoa,  476 

'  Finger  and  toe  *  disease,  SHfi 

in  water,  J>79 

Finkler-Prior  Spirilhrni,  423 

Rabioi4,  504 

Fixation  of  complt^ineut,  test,  165 

Kelapsing  fever,  474 

Fixing,  specimens,  86                                                j 

Ringworm,  454 

tiasuce,  77,  512                                              J 

liasBeU's  bodies,  512 

by  ftlcoliul  and  ether,  47                        ^J 

Sarcina  ventriculi,  22ti 

by  corroflivesuhlimate,  77,512               ^^M 

Septic  diseases,  216 

Flaoberie,  4i>9                                          ^^^M 

Sewage.  58H 

Flagella  sUiining,  105                               ^^^^H 

Shell-fish.  577 

Flasks,  yeast,  43,  67                                 ^^^^M 

Smegma  bociUos,  304.  314 

Fleas.                                                         ^^^H 

Soil.  AHf! 

Fliett  and  disease,  339                              ^^^^H 

Suppuration,  2iri 

preventing  access  of,  116              ^^^^^H 

Syiihilis,  534 

tsetse,  469.                                   ^^^H 

Tetanus,  400 

Fluid  mo^liti,  growths  in,  60                     ^^^^^H 

Thrash,  45t; 

Food  poiaoning,  35.  347,  nlHl                             ^^H 

Treponema  pallidum,  534 

Foot  and  moutb  disease,  524                   ^^^^M 

Trichophytons,  454 

Fonnalin  fur  disinfecting,  612                ^^^^H 

Trjpanosomes,  470 

fixing  tissues,  77                           ^^^^^H 

Tubi?rtiulo8iH,  2911 

preserving  cultures,  107                ^^^^H 

(milk).  5"J4 

preserving  specimens.  108            ^^^^^| 

Typhoid  bacillus  in  water,  670 

Formate  broth.  74,  SGS                            ^^^H 

fever,  345 

Fowl  enteritis,  3H1,  422                                      ^H 

WaK^r,  552 

Frankcl's  pneumococcus.  384                            ^^ 

\VHtcrcrc3S.  377 

Frankland'fl  method  for  air  analysis. 

Welch's  bacillas.  405 

5H3 

XeroHtf;,  273 

Freezing  microtome,  79 

Teasts.  442 

Friedliinder'B  oapaale  stain,  103 

pathogenic,  444 

pneuiuo-bncilluK,  369 

Rxhaiistion  theory.  184 

Frozen  sections,  7H,  \t*J 

Eye-pioces,  125 

Fuchsln  agar,  573 
bodies,  510 
rarliol,  90 

Fabcik  dks  iKEurs,  431 

Fumigation,  607.  612 

Farcy,  317 

Fungus  disease,  432,  449                          ^^^^^J 

Favun,  456 

Fusiform  bacillus,  373                             ^^^^H 

^^^g 

^B 
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H 

Intravenous  inooulfttion,  114 

M^cnooAUKTR,  458                                           ^H 

Invertase,  32 

Macrophages,  183                                                ^^M 

InveHtigivlion  of  iiiicro-orgunismti.lOU 

Ma^lura  ilist-ase.  432                                           ^^^ 

Tod  inc.  609 

cultivation,  434 

GramV,  »4 

BUining,  433 

trichloride.  009 

varieties,  433 

lodofarm,  615 

Malachite  green  media,  326,  573 

Irrigation,  IIU 

MnlHria,  479 

iztki.nu 

diagnosis  of,  4flO 

pariLsit«3.  4B0;  48G 

inoculation,  4H0 

Jknneu'b  blood  Btain,  02 

moflfinito  phase,  483 

Jubae's  disetiso.  30H 

varieties,  480 

Malignant  disease,  510 

Malignant  a^lema,  401 

Kau-Azar.  471 

clinical  examination,  405 

Kerol,  6U 

Maligniint  pustule,  234 

Slebs-Ldffler  bacillus,  343 

Mallcin,  323 

Koch's  *  commiL  '  lacilliiH,  408 

in  diagnosis,  325 

Koob'a  postulateH.  I'M 

Malta  ftiver,  524 

£ocb-Weeks  bacillus,  />20 

Mara&mufi,  215 

MastiRophora,  4G5 

Mastoid  disease,  52& 

Laxxshtrhklu.  4tJ7 

McDougall's  fluid.  614 

I*BRi2minosie,  tixation  ol  nitrogen  by. 

Measles,  52ti 

ao 

Measorsment,  microscopical,  IBS 

Loishraan-Donovan  body,  471 

Measares  and  weights,  G21 

Lenses,  microaoopical,  120 

Meat.  347.  590 

immorsioD,  127 

Media,    culture,   4*i.      See    Culture 

Leprosy,  309 

Media 

diagnosis  of,  313 

Medical  antiseptics,  610 

Leprosy- liko  disease  of  rats.  313 

Mediterranean  fever,  524 

Leptothrix  buccitlis,  43.7 

Membranous  rhiuitis,  350                                      ' 

Leucocytes,  mi^fration  of,  183 

Meningitis,  3HH,  53B 

In  milk.  5U*2.  5ll5 

cerehro- spinal,  218 

Leucocytozoon  canid,  497 

posterior  bnuic,  220 

Leuconostoc,  16 

Mercaptan.  35 

Levnditi'H  stain,  535 

Mercuric  chloride,  009 

Life-history,  studying.  113,  115 

iodide.  010                                                        , 

Life  without  hacUriji,  :* 

Mercury  pyogenic.  202 

Light  as  a  dieinfcetor,  G«*2 

Mcrismopcdia,  definition  of,  15 

t'Ht'ut  of.  on  bacteria,  21 

Muluhnikofl's  spiriUum,  422 

Litmus  media.  51 

Methylated  spirit,  70 

Local  Oovernuiont  Hoard  disiiifect- 

Methylene  blue,  Lotller's.  89 

infj  solution,  (ilO 

borax.  491 

Lofllcr's  methylene  blue,  Kfl 

carbol,  H9 

serum,  53 

Microcuccus.  dc&nltion  of,  13 

Loop,  standard,  619 

agilis.  5U7 

Luat^'itrten's  baftilliw.  814,  532 

bombycia,  409 

Lymphadenitis,  ovine,  309 

candicans,  697                                i 

Lymphangitis,  210 

catarrhalis,  224.  394                   ^^^H 

LyrtiuH,  157 

cereua  albus.  307                       ^^^^H 

Ly  wl,  til4 

Havus,  207                             ^^^H 
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sens*  cintteua,  3S0 
Lidermiilia  atbua,  20G 
tivesjoenst  207 

It^liteTiBis,  225,  624,  5S0 
Leningitidis,  218 
LoformiiEis,  2U3t  5IlO 
friBteurit  364 
vogeneSf  atif  eUfl,  204 
albus,  200 

tenuis,  ^M 
■tra^tcLius,  '225 
lojfeneBt  30d 
lete.  i5B 
let-,  133 
niimetre,  133 
liaa,  G'21 

ipe,  linctr^riolafipCHil^  12B 
■ritHii,  ili?i 
ir<)in  Amlouini,  -i-'jl 
[irfar,  45-t 

(iie-i,  7S>t  H3 
■'s  corpusclpa,  4ill;il 


Muoor  muoedch  44fl 

Mucous   membranee.  orgonlBms  of. 

Mumps,  S36 
Mn^tnrd  oil,  615 
Mjcelium,  44G 

MjcoBefi>  449 
MjcoBLB  t'Onaillam,  4S£ 
Mytilotoxin,  Bti 
Mysomjcetes,  465 
Mj-xo^poriJla,  4DS 


Nh-khI  niucu&,  g«rmioidal  aciioa  of^ 

643 
Nasgnr,  219 
Nnstiu,  ail 

Negri  bodies,  503 
Keisaer's  ykiiii,  270 
Neuritis;,  ilipbihcntict  2aO,  SSI 
Kifcrirtnition,  2fi 

ata^'i'!?*  in.  2^ 


^ 

1 

INDEX 

1 

1 

OrganiamB   and   disease.  109,   134, 

Pfeiffer's  reaction.  167.  169 

■ 

137 

Phagocytes.  183 

Organisms,  cultivation  of,  37 

Phagocytosis,  182.  188 

^^ 

enumeration  of,  71,  lltH 

estimation  of,  189 

identification  of,  110 

Phenol.  612 

influence  of  a  mixture  of,  19 

Phkbitis,  203 

isolation  of,  37,  KH 

l'hlo«08in,  20fl 

of  Air,  wnter.  and  soil.  5\}1 

I'hosphoresccace,  34 

uf  a.ir-pa!>sA)j;ea,  543 

Physiological  salt  solution,  85 

of  conjunctiva!,  6-12 

Picro-carmine,  87 

of  Kcnitnl  tract,  544 

Piedra.  45S 

of  mouth.  543 

Pigment,  formation  of,  34 

of  noite,  543 

Pink  torulii,  5U7 

of  skin.  542 

Pinta.  455 

of  stomach  and  intestine,  544 

Piliettes.  44,  46,  193 

of  nrinary  trtict.  ♦'>44 

Piropliismata.  494 

ultm-microBCopic,  131 

cultivation  of.  495 

Osmk  acid  fixation,  470.  47*t,  512 

Pitaeld's  Hftgella  stain.  107 

OAtcom^'eliti.H.  205,  210,  3H0 

Pityriasis,  465 

Otitis,  214,  627 

Plague,  anttBerum,  376 

Oven,  hot-air,  38 

bacillus  of,  367 

Ozajna,  628 

dia^oBiB,  380 

Ozone,  on 

pathogenesis.  371 
spread,  377 
vaccinea.  373 

FaKKS'h  dlHQH,  •'j57 

Plaamodium.  479,  480 

Pappenhcim'H  Bolution,  315 

Kochii,  490 

I'ara-colon  bacillus,  327,  848 

malariie,  486 

I'lira^ilyeentury  bacillus,  355 

pfKCOi,  493 

I'flm-typhoid  lever,  34^ 

vivas,  487 

Faradin,  em  bedding  in,  HO 

Plate  bottles.  71 

sections,  h:^ 

cultures,  68                                  ^m 

^^^ 

sections,  mountintj,  100 

agar,  71                                     ■ 

^^H 

ParalyHis,  diphtheritic.  260,  262 

anaerobic,  73                            ^ 

^^^1 

Faramccium  coU,  475 

Kt'lutin,  69 

^^^H 

Paraaitea,  135 

Platinum  needles,  43 

^H 

FarotitlB,  526 

Plftut's  method,  432 

^1 

Pasieunzatioii  of  milk,  591 

PlDomoq>hism.  14 

Pasteur's  fluid,  55 

Pleuropneumonia,  131,  384 

Feat,  germicidal  action  of.  338,  411 

Plimmer  bodieB,  510 

Pi^brine,  4UH 

Pneumobacilhis  of  Fnediander,  889 

Pemphigus.  523,  524 

PneumococcDB,  Frankel's,  384 

Penicillium  f^laucuni,  448 

Prieu mo-mycosis,  449 

Peppermint  oil,  G15 

Pneumonia,  3H3 

Peptone  water,  48 

diagnosis.  391 

Pericarditis,  222,  387.  681 

PoiKons,  bacterial.  35,  136 

Peritonitis,  387,  528 

tolerance  to,  177 

Permanganate  method,  632 

Porcelain  filters,  578 

Permanganates,  611 

PoBtulates,  Koch's,  137 

Pertussis.  529 

Potasmnm  permanganate,  611,  616 

Petri  diahos.  70 

Potato.  51.     Sei!  Culture  Media 

Petri's  method  for  air  onalyais.  583 

Precipitins,  176 

Petruachky's  litmas  whey,  360 

Pressure,  effect  of,  on  bacteria.  31 
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at  bootcrta,  2^1 
I T-Cfipaldi  medin,  350 

btLctieiiul,  pjua;eaic,  202 
J'cic,  3(1 
Ilia.  49» 

zip^uLntua  hDminifl,  2B6 
irahiiis,  5'j'7 

Ij^aris,  .iU7,    See  B^  proteua 

nken,  597 

putrefaction,  23 
fiji,  9 

457 
h  \nlonB  of,  i^^ 
uminaitinTi  of,  475 

in  L'fl,iiCL'rt  OtO 

variolft  and  vacdnia,  -^14 

wat*T,  579 

[ijCion  tc>  B.  iliphlheriffi,  267 
t-t.  -11 


Keaction,  BordcUDurhnoir  1G9,  171 

cholera- re^l,  33ti 

FfeLffer'B,  157.  13& 

VogB«-I*roakaiier,  364 
Il«bLpGliiLgBr«  5fid 
Receptors,  179 

diQino-,  177.  185 
il«kps«a,  theory  ot,  343 
Heliltsmg  fever,  i^pirilluta  of,  473 
lleaolviug  power,  130 
Intention  theory,  IBS 
Bheunintigm,  B'iQ 
Bheumatoid  arthritis,  531 
BhinlUi^,  mcmbranoii!?,  2'jO 

atrophic,  iJ*28 
Hhinoarleroma,  532 
Ujngworm,  450 

Gullivntion,  45^ 

oxiiktiiirmtloni,  4>'>4 

'varieties,  450 
RoL'kinjj  riiirrotoiii0,  H2 
\lt>\\  cuiunvs,  72 
lUiinanow^'ki  stain,  U2 
Itoiip,  iliphtheritie,  1.'74 
UnlTL-r  Ijoiiio:;,  51(> 
Kiis-cU's  curpuscle:**  510 


^M 

I 
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635          H 

Sedgwick  and  Tacker*«  method  for 

Spirochacta,  pallida,  532                               ^| 

air  annlysis,  5S4 

portenais,  539                                      ^H 

Bcdimeiilation  teKt,  174 

rt'cuirentii!,  473                                       ^^t 

Septic  (li^icases.  200 

refringens,  53a                                              i 

Uuik  prooeM,  587 

in  cancer.  533 

Septicamiia,  138 

in  ukeni,  533 

a,  138 

in  ulcerating  granuloma,  540 

Sera,-anti-microbic.  156 

in  yaws,  53d 

ttutitoxif.  IHll 

Spleen,  germicidal  substance  from, 

Scrum,  culture  mntliu  nf,  52.  iiS 

IHO 

germiciial  actiou  of,  179 

in  immunity,  187 

Sewage,  5HG 

Sporangium.  417 

cxiiminalinn  of,  588 

Spore  formation,  12 

Sowers,  air  of,  r,Hl 

Spore  staining,  104,  412 

Sliake  culture.  74 

Spores,  resistance  to  liwit,  13,  18. 599 

Shell-fish,  exiitninution  of.  577 

Sporidium  vaccinale,  516 

ixitliogenio  orgiuiismb  in,  3H7 

Sporozoa.  459.  476 

Side-eh&in  tlipory,  141 

Hpriic,  529 

Silicft  jelly,  2U 

Stiige,  microscopical,  133 

S^aiinn;,'  methods,  89 

Silver  sjilts.  fJU 

pyoKenic,  202 

oover-glivsg  specimens  97 

Skatolc.  25 

capsules,  102 

Skutole-curboxylic  nciU.25,  244.  264 

aagt.>lla.  105 

Skin  diseases,  522 

Gram,  93 

organisms  of,  205,  206.  542 

sections.  101 

SleepinK  BJckneHg,  468 

Hpores,  104 

Slides,  cleiming,  106 

Stains.  H9 

hollow  ground,  120 

Standard  loop,  619 

Smallpoi,  5ia 

Standardisation  of  antitoxin,  257 

Smear  prepiii-ationa,  87 

of  media,  5B 

SmegmiL  bacillus,  HIH 

.Suijihylococcus,  16 

KlcininK,  H04.  314 

species  of.     See  Micrococcus 

Bodiuui  blaiilphiLtc.  576 

Steam  as  a  disinfector,  599 

Soil,  58.^ 

sterilizer,  39 

niUificiUion  iu.  26 

Hlegomyia,  541 

Solabilitien.  (>21 

Sterilization,  37 

Solutions,  normal,  5<i 

discontirmous,  4 

Hpecimeua,  proservinK  pa tho logical, 

of  cotton  wooI>  45 

108 

of  gla^s  vessels.  45                                      I 

Spirilla.  16,  408.     See  also  Vibrio 

of  milk.  5yi                                                  1 

Spirillum,  dtitinitioii  uf,  16 

Sterilizer,  hot  air.  3H 

cholera}  Asiatinr;,  40l^ 

GrifUth'H,  576 

voriptiea,  413 

writer's,  for  railk,  592 

of    choieni,     isolation     from 

steam,  39 

water,  575 

Still's  diplococcns.  220 

of  Finkler  and  Prior,  423 

Stimuliii8.  188                                                        j 

Mctchnikovi,  422 

Stomach,  organisms  of,  544 

Obermeieri,  473 

StranglcB,  211 

mbrum,  424 

Streptuc-uceus,  dufinition  of,  15 

tyrogenuni.  424 

diagnoutic  talde.  214 

Spirochaeta,  IB,  472 

anginosus.  213 

Duttoni,  474 

brcvia,  212 

Ubomieieri,  473 

conglomeratUB,  211,  212,501 
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loccus,  eqiii,  214 
lerjsipeii^tiB,  210,  21B 

IfffictUm,  213 
llongus,  212 

myof^eneSf  209 
ftntt-BeruTD,  2X1 
in  mQkf  487 
IrheumaUcus,  21 1,  5^1,  532 
Wivftrius,  213 
?cfLr]H.tin£i3,  211.21^.  501 
jthrijt  infections,  436 
tthris,  liciJ-faflt,  277 
kctinomjces,  438 

leprpiilt^a,  'All 

IG  CQmlensBr,  124 

iresolutmn  of,  20 
iroag  aci'^  'i07 
lensitiitiun,  IVif 
-atlun,  '2m 

lelinita]  fiSMniimtion,  216 
|con(litiorid  mtjJifj'iiig,  20^^ 

lut;  to  dicmieal  Hj^cntSt  201 

rillupnct:'  of  <3o»i?,  'MH 


Thermal  denth  point,  delermm&liou 

of,  601 
ThermopbHic  bncteria,  18^  535 
Thionin,  edrfaol,  90 
Thrush,  455 
Ticks,  474,  496 
Tinea.  450 
Tinfoi],  44 

Tissaefibrlnogen,  1S2 
Tissucst  preparation  of,  76 
Toleninee  to  poiaons,  177 
Torulii,  pink,  5&7 
Torulm,  497 
ToiinB.  H«,  136t  145 
Toioida,  150,  267 
Taxones,  150.  258 
Trfichoma,  538 
Tr&atmGQt,  liiitEaeptic,  616 

unlitoxio,  14B 
Treponema  pHllidum,  633 
T^ichomo^as^  46(5 

spi'cins  pf,  474 
Trlebophjtoo,  450 

nic^Alosporon  Gctothrl^  451 
endothriK,  4*^1 
Trypftnoplasma,  4Hn 
TrypunDtJorjia,.  406 


1 

^^^^H 

^w 

^^^^m^^^^^^ 

INDKX 

687          H 

Tuberculosis,  277 

Valhines,  11)7  (also  umler  individual            ^H 

iiiiutomy  of,  277 

organisms)                                                    ^H 
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comnia  bacilluHln,411,575 
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tubercle  bacillud  in,  304 

Wooden  tongue,  420                               ^^^^^| 
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Hun)iitHl ;  Kxniiiiner  iu  Mcilicitie  m  tho  Utilvenity  vt  Lotiduti.  Lamluutn 
Lectured  dellveivtl  Iwforo  the  Roj-ilI  (.'ollei^e  of  Physician*,  liontlon. 
3«.  net. 

Rational  Orgfano therapy,  with  Reference  to  Urose- 

miiilojo'.  Tn»ii«latc<l  from  the  i(ui!>t*Mn  Text  i>y  I'rofeiwor  I>r.  A.  tos 
PoEiiL,  PrufesAor  Prince  J.  \ov  TiiioiiAKarff,  l>r,  Abr  vov  Pokbl,  nnd 
Dr.  V.  Wxt'Hs.    Vol.  1.    Svo.    Tn.  M.  net. 

On  Gallstones,  or  Cholelithiasis.    By  E.  31.  Brockbajmc  , 

M.U.Vict,.,  M.It.cr.L'.riil..  llntiorai-y  Phyfticinn  to  the  AncoatB  UospitHl, 
Slaiichcitcr.    "». 

Obstinate   Hiccous:h 

null  Trentmeiit,  hni»c'i  I'li  «  cullection  of  urtr  InH  iiist-h  fn)ni  Hnlinh  ninl 
Forclen  \V.p^k^.     Hy  li   F  B.  KM-rnM;s.  M.D.Edin.    tu. 

On  5yphonag:e  and  Hydraulic  Pressure  in  the  Large 

Intastine,  with  their  RenriuK  iipou  the  TniiLiiieut  of  Oun»itii>«tiuii, 
ApfModlritln,  etc.    Uy  iUt-rii  Winxikgtox  Lznwicn,  M.D.    3t.  net. 

Uric  Acid  as  a  Factor  in  the  Causation  of  Disease. 

By  A1.EXAXL1EK  Haig.  M.D.,  F.R.C.P,  Phvhirlnii  to  tho  MvUMjioUtiiti 
ilosiiiUil  Kud  the  RoyKl  Hii«>|»tal  fur  Children  and  Women.  8e\euth 
EdiUon.    7fi  I]lastrntloti».    l-U.  m-t. 

By  the  safiie  Author. 
Uric  Acid,  an  Epitome  of  the  Subject. 

2*.0.f.  net. 


the    Physiology,    Pathology, 


Second  Edition. 


Also 
Diet  and  Food  considered  in  relation  to  Strength 

nud  Povror of  EnduniDCC, Training, and  Athletic*.    Sbtth Edition.   Xa.nei, 
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Surgery 


Ansesthetics 


The  Sur«:ery  of  the  Alimentary  Canal.     By  Alfbbd 

EK:(K.->r  Matlagd,  M.U.Li>nil.  nn<l  U.S.,  Senior  ^urtfcou  U)  tbe  Victoria 
lufinuary,  Gla«4,'<'nr.    27  SwiiiityiK-  Plmes  tiii'I  SO  Kiffiu««  in  the  Text.  2(p, 

By  the  same  Author. 
A  Student's  Handbook  of  the  Surgery  of  the  AH- 

iiieuuiry   L'aiiaE.     !>;  IlluRtrnLlnus.     s*.  tW. 

Also 
Abdominal  Pain:    its  Causes  and  Clinical  SigniH- 

cance.    Secoiul  Bdjtinn.    7*.  fid.  oat. 

Also 
Abdominal  Tuberculosis.    -57  Ilhistnitious.    12(t.  6fl.  net. 

^     Clinical  Essays  and  Lectures.     By  Howard  Marbh, 

1  F.R.f.S.,  Prtifc'sMir  of  Bur)fcry  m  tlto    L*mver«lty  "I  Combriilife,  lau 

1  SiiFKi^on  U)  Si.  Banliol-'inicw'B  H'>'i''"'''-    -^  llJnt-tnitioni'.    7».  flrf. 

Diseases   of  the  Thyroid  Gland  and  their  Surs:ical 

TrtiMtrnciiL.      lly  Jihkn   Bciitti',  B.S.Uiiiil.t   F.R.C.tj.,   gurffvon  to  tbe 
Ru>nl  Free  Hii«pilal  miil  Leetarer  on  Surirery  nt.  the  jjiitnlnii  School  of 

Meilicirie  fnr  Wniiicn.     121  rilii»Lrmtion».     l-U. 

Hare-lip    and    Cleft    Palate.      By    R.   W.   Mubrat, 

F.H.C.S..  l3urire<ni.  Daviil  UmvU  N'ortlicm  Hofipital*  Iftte  8iir(i«on»  LtT«r- 
pool  Inftrmary  fur  Cluldrvu.    ^5  niu«tnit.ioiiii.    3*, 


By  the  same  Authoi'. 
Hernia,  its  Cause  and  Treatment. 


Xlhtstnitions. 


U.  (W.  net. 


Modem    Bullet- Wounds    and    Modem    Treatment, 

with  Si>ecial  Re^nl  Ui  l^nt^  tlotien  aiiil  JoinU,  Kieltl  Aupllaacca  And 
FintAul.  Pkrtorthe  Alcjuwilor  Esaay  tor  IW3.  By  Uajor  F.  SMini, 
D.8.O.,  Rjl.M.0.    Si.  net. 

Surgical  Emer^fencie^ :    together  with  the   Emer-     \ 

ucncMi  tnt'cminiii  Oil  Partiiriti<;ii  iiikI  the  Treatment  of  Potrt^minfr.  Bs 
Paul  Uwjuk,  F.H.C.8.,  Sjurf^con  to  the  Suuih  Devon  and  Ea«t  CurnwaU 
Honiritnl.    Fifth  Kilitton.     IW  EnKrnt-uigit.    0«. 

The  Accessory  Sinuses  of  the  Nose,  their  Surgical 

AiKvl. my  mid  the  Pw^fiiiwis  and  TrTtttineut,  iif  tlicir  Inrtiunmftlory 
Arrct'TioiiK.  By  A.  Loaiv  Ttrsviii,  M.I>  Cdtn.,  Surceon  for  Diseawa  ol 
the  Ear  and  Throat,  Dnoonesa  Hoapiul,  Sdlubimcu.  81  IlluatnUioiu. 
I2>.  net. 

Chloroform:   a  Manual  for  Students  and   Practi- 

tMiicrs.  By  KuwAJib  Uiwmi!.  M.B.Kdni.,  Lieut. -t^'i'l.  I.M.S..  Residency 
SiHVeon,  Uydcni'*i'l.     Illujitnilcl.     -w.  net. 

A  Guide  to  Anaesthetics  for  the  Student  and  General 

iTRCtilioner.  By  TnosiAit  U.  Llik,  M.H.,  K.R.f.H..  Eilint-urKh.  Third 
Bdihori.     !•'}  EDij:rHviii^t(.    54.  net. 

'—— —  J.  flt  A.  CHURCHILL  


Midwifery        0        Gynaecology 
Medical  Jurisprudence 


Manual  uf  Midwifery,  including  all  that  \&  Hkely  to 

be  i-O'iiured  liy  Studeutii  Hinl  PrBotitiouttrii.  By  Al.rkt.1)  I*.  Oalanut, 
M.A.,  M.D.,  F.H.C.P..  (.Vuiniiliij!!:  Olw-t^tric  Pli,v»icinii  l-t  Ouy'i  UdttpiUl. 

6lxt.li  Editluu.    3J9  KtiirTnni]}{#>.     lis.  uct. 

Manual    of    Midwifery.       By    T.    W.     Eden.    M.D.. 

CM.KtUii.,  P.R.C.P.I>'iwi.,  OtwU'trii*  PliVMcmn  (in>l  Lecturer  on  PracLiml 
Midwifery,  C'hitrinc  (.'ri<«s  Ho>t|>ltnl.    Srctmd  Edititm.    -U  rinton  aud  IfM 

IIhwtrnlifin>  in  ihe  TfStt.     \1*  tl*'  lie'. 

A    Short    Practice    of    Midwifery,    embodying:    the 

TrcAtinent  a<l</|itv<l  'ii  ilie  R'>tUD<lit  H>it*^>ii4il,  Duithii.  fiy  Hk:Miy  JiLtrrr. 
M,D.,  H.A.O.riuli..  Gynrt-iviloifi^ilniiil  ulietetricnl  Ph.r»icin.n,  Dr.  Stoflvuni' 
Ho«]iiUil.      Fifth  Kditinn.     t^W  tllniitnitiutiM.     Idf.  Orf.  ii«t. 

By  the  same  Author. 
A  Short  Practice  of  Midwifery  for  Nurses,  with  a 

Olcmuiry  uf  tlio  Mc'licnl  Tciiua  ojm»(I  iu  thf  Btmk.  Seci.'tnl  Ediituu. 
■i  t'olourcd  I'lHte?*  Biiil  \'.W  Illn«mfii<!u*.    n».  IW.  nrt. 

A  Manual   for   Midwives.     By  C.  J.  N.    Lon<>bidoe, 

M.n.,  M.R.r.P.,  F.R.es..  ExnioinerOtiinilMiiliv-ivw'BoHnl.  3  PUten 
ODtl  17  [UuMraiioiift.    ^>.  dJ.  tiet. 

A  5hort  Manual  for  Monthly  Nurses.     By  Chakles 

.1.  ft  t.M:*f.wokrir.  M.Ii..  F.R.r.I',,  OWtctric  I'ltyfirifin  tn  St.  TbomiiB's 
IIi>5i>itAl.     tiiAtli  L'llUiMii.     If.  0(f.  ucrt. 

Diseases  of  Women.     By  Alfbed  L.  Galabin,  M.A., 

M.D-,  F.R.f'.p,,  Crnrwultinc  db*i«Enc  Plivtician  to  lioy'ii  Htwplul. 
Sixili  Editioii.    2*1  EiitrrnrinK*.    10#.  net. 

A  Short  Practice  of  Gynecology.    By  Henky  Jkllett. 

M.Lt.,  U.AtO.lliih ,  (ivii»-i.MU.i;i*>  nud  t  il.)tl-r>irifal  PJi.vnicuiii  to  iJr. 
StcrvpuB'  HimpitHl.    Tiiird  Ethiton.    310  IlluHtmtl'm*.    13«.  ttrf.  t)Cl. 

Outlines   of  Qynsecological   Pathology  and  Morbid 

Antitiimy.  Py  ( ".  Hibi  ki  IloneLr-,  M,n.I,..iiil.,  riiy.-irmii  \*\  tlie  SittuAr- 
ituii  Freo  UDii|*itHl  for  Wi.iueii.     ]61  Illll^tmll<.>ufc.     'i\*. 

Lectures  on  Medical  Jurisprudence  and  Toxicology. 

By  FaiD.  J.  SMrm.  M.D.,  F.R.O.P.,  F  R.C.S.Ehk.,  Pbyncmii  U)  wtid 
IxH'turer  (lit  Fon?ii»ir  Mediiiue  hiid  Toxicidiiyy  iil  thf  I-«>iidou  Uoepitill. 
StT'ind   Kdilii'h.     vj.  IW.  net. 

Medical  Jurisprudence  :  its  Principles  and  Practice. 

By  Ai.rii»t.  8.  Titiok.  M.ft.,  F.R.C.P,,  F.K.S.  Filtli  Kdition.  bv  Fred. 
J.  Burra,  M.U.,  F.R.t'.P..  I^ucturtM- oti  Mcfhcnu-nt  tbo  Umdon  Hi^i-iul. 
3Ttil».    $0  Enirnivius'*     9rw.  uet. 
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ophthalmology 


Nettleship'5    Diseases   of.  the    Eye.     Sixth  Edition. 

Reviwd  anil  Edited  by  W.  T.   Holmes  Spicev,  M.B.,  F.R.C.8.,  Opb- 

tlialmic  Surifeon  to  St.  Bartholomevr's  HospitAl ;  Surgeon  to  the  Royal 
Loudon  Ophthalmic  Hospital.  Ittl  Knip-avinf^  and  a  Coloured  Plate 
illustratinK  ColoKr-BliudneMt.    8«.  (id. 

Medical  Ophthalmoscopy :    a  Manual    and    Atlas. 

By  William  R.  Gowebm.  M.D.,  F.R.C.P.,  F.R.8.  Fourth  Edition. 
Edited  with  the  af^mstance  of  Mancvs  Gc3(ir,  M.B.,  F.B.C.S.,  Sorf^eon  to 
the  Royal  Loudon  Ophtlialmic  Hospital.  Aututype  Plates  and  Woodcnta. 
140.  net. 

Manual  of  Ophthalmic  Surgery  and  Medicine.    By 

W.  H.  H.  Jkksof,  M.A..  P.RA^.S.,  Ophthalmic  Surgeon  to  St.  Bar- 
tholomew's UoKinta).  V  Coloured  Plates  and  147  other  Illustrations. 
9$.  Orf.  net. 

Practical  Handbook  of  Diseases  of  the  Eye.    By  D. 

Chalmers  Watsos,  M.B.,  Ophthalmic  Physician,  Marshall  Street  Dis- 
jjenwir>-,  Kdinburtrh.    Sec<mil  Edition,  9  Coloured  Plates  and  31  Fij^irea 

in  the  Text.    5r.  net. 

Diseases  of   the    Eye:     a  Practical    Handbook   for 

General  Practitioners  and  Students.  By  Cecil  Edwabd  Shaw,  M.D., 
M.Ch.,  Ophthalmic  Surgeon  to  the  XTleter  Hofipital  for  Children  and 
Women,  Belfast.    With  a  Te(>t-Cani  for  Colour  BhndneAs.    3«,  ftf. 

Refraction  of  the   Eye:    a   Manual   for   Students. 

By  GcsTAvix  Haktkidgk,  F.R.C.S.,  Snrpeon  to  the  Royal  Westminster 
Ophthalmic  Hni^pital.  Fourteenth  Edition.  100  Illustrations,  alAO  Test* 
types,  etc.    5c.  net. 

By  the  same  Author. 

The    Ophthalmoscope :     a    Manual    for    Students. 

Fifth  Edition.    CM  lUuiiirations  and  -4  Plates.    4*.  net. 

Diseases  of  the  Eye :    a  Manual  for  Students  and 

Practitioners.  By  J.  HtKBLUT  Paksoks,  D.Sc,  M.U.,  B.S.,  F.R.O.S., 
Assistant  0]ihthal*mic  Surueon,  Univcrhity  Collejre  Hospital;  Assitttant 
Surueon,  Royal  London  (Miwirlieldi*)  Ophthalmic  Hoiipital.  309  THu&tra- 
tiouK  and  15  Plates.    lOir.  fid.  net. 

By  the  same  Author. 

Elementary  Ophthalmic  Optics,  including  Ophthal- 
moscopy and  Retinoscopy,    00  Ilhist rations.    Gx.  dd. 

Royal  London  Ophthalmic  Hospital  Reports.    By  the 

Medical  and  Sunrical  Staff.    A"ol.  XATI,  Part  IL    6f.  net, 

Ophthalmological   Society  of  the  United  Kins^dom. 

TniHi-actioTis.    V..1.  XXVII.    VIk  (itt.  net. 
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otology  ^   Paediatrics  ^  Dentistry 


The   Labyrinth   of    AnimaU,   including:    MammaU. 

liinl-,   ll.i.i.U'*,  hikI  Ami>hi>iiaiia.      By  At.BiuT    A.  liinv.  M-Pj'tln*.  i . 

F.H.b.K,,  biirL>eoii  for  DiiwAM-f^  uf  tlie  Knr  Up  tlte  Viulonit   IttUriiutry, 

GInsROB-.  Vol.  I,  Willi  HI  8ttrLM>^fiii>K*  PliitM.  31*.  net  (incliniinir 
StereaBCopp).     Vul.  U.     J5  Plnio*..     25#.  noi. 

Some    Points    in    the    5urg:ical    Anatomy   of    the 

TpiiiiinrHl  ll«im'  from  Hirtb  to  Adult  Li(e.  l*v  Aichik  M.  ('iinri.i, 
F.R.P.S.,  Aunl  Surfreon  Ui  Kinp's  L'olle«r  HoBptul.  11:!  Ilhutratiotui. 
Sf.  not. 

Diseases  of  the  Ear.     By  T.  Mask  Hovell.  Senior 

Aiinil  Siiruic'iii  t'Mhe  Lnnditii  Hosjiitiil,  nnd  Lecturer  tui  PlMmwKof  the 
Tlirt^t  III  ihe  iViIIceu.     Si'c'i>iiil  K<lniuu.     13§  Entmivinir-'.     21*. 

The  Diseases  of  Children.     Bv  Jambb  F.  Goodhabt, 

M.n..  P.R.C.P.,  una  G.  F.  Still,  M.6.,  F.ft.C.r.,  Trofwfor  nf  Ui* 
DiAcnsee  ot  LThiljIron,  Kinp'K  Colle^.    Eig-hth  E<1itton.    13a.  M.  not. 

The  Wasting  Diseases  of  Infants  and  Children.     By 

KrsTicr  ^wiin.  M,I».,  F.R.(.M'..  l'Jiy>-trmii  to  llie  Kiiii;  "f  th«  Bolsriftiio, 
nnd  In  the  Kii^-t  I*-<ii(loii  Hufciiitnl  fni-  fLiMrcij.    .Sixth  Ktlitinri.    (U. 

On  the  Natural  and  Artificial  Methods  of  Feeding 

InfnntH  anil  Ynuiif;  t'liililreii.  By  Euiiovp  CtmuT,  M.0„  Pti,v»ieuui  to 
Lhu  BcIkhivc  UusintAl  for  L'tiildrcti.     SftMinl  G<lituiii.     7*.  Oef. 

Dental    Anatomy,     Human    and    Comparative:     a 

Mftmml.      By  ril*kLM    S.   Toms.    M.A..    K.U>.      tfuctli    EdUloii.      SW 


By  the  same  Aulhorv 
A  System  of  Dental  Surgery.     Bv  Sir  John  Tomes, 

F.R.S.      ReWwT  hy    t\     S.     ToMi*,    M.A.,*   P.R.S.,  ftud    Wurcft  3, 
NoviLL,  M.A.OxoT.     Fifth  Etlttion,     SH  Eii»rmvinm,     Ifir,  luti. 

Practical   Treatise  on   Mechanical   Dentistry.      Bv 

Josirn  KiciiAkPfOK,  il.l».,  D.P.S.     SL-vfiilli  Kdiliun.  riMiM'-l  ikkI  edttcd 

Decay  in  Teeth :    an   Investigation  into  its  Cause 

feDil  PnwntJon.    By  J.  Six  W41,l*ci,  M.D..  P.Sc.  L.D.S,R.C.S.    Second 
Edition.    fi#. 


A  Manual  of  Dental  Metallurgy. 


B\  Erxest  a.  Smith, 

'J>>  t]lti>^trntU>u»'.     tu.  M, 


Dental  Materia  Medica.  Pharmacology  and  Thera- 

t»eiitK>.     By  \_'n*htl5  W.  t.i  - 
>euii»I  SurjTiHHi,  Wf^rnuuF.rcr 
ll»<Irtt«l,  Mtid  Lecturer  un  !"■  .... 

Ihe  CollQKS.    Oi. 
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Chemistry 


Physics 


Chemistry,  Inoriranic  and  Organic.     By  CHAHLsa  L.     \ 

bT.oiiU.      Niiitli  K'litinu.  l.y  Jum:«  Mm  i>«b  Thowkoji,  P.R.8.,  I'rofo«»or       i, 
of  I  "yii'mistry  in  Kind's  C'olle^,  I^ndon,  aii<l  Akthvu  G,  Bloxim,  F.I.O. 
'2»i  Enirmvinin.    Ih».  net. 

The  Elements  of  Chemistry.    By  M.  M.  Pattisov  Muib. 

M.A,,  F(.'ll.'W  nn*\  Pnu-lect^ir  in  L'liomiirtn^  ot  GonvlUo  aati  Caitu  ColleffO 
(.'niitbriily-e.     niuittniitMl.     l(>f.  Qd.  net. 

The  Analyst's  Laboratory  Companion  :  a  Collection    ^ 

nf  Trililca  «□<!  Itntn  fi)r  ('heniihlR  nml  :il.ii.lt'iit.K.     iJv  AlvkxI)  E.  JOBirsoir,       ) 
l*.Sc..  K.l.c.     Thinl  Kauimi.    fl..  tW.  not.  *, 

Commercial  Org:anic  Analysis :   a  Treatise  on  the    \ 

iTojiortieft,  Mi.><lo«  uf  A<^«Ayirvfr,  Proximaio  Aikulytii-ul  KxftiulaailoD.  eULi  ) 

of  ihe  vHrtriu*  (hvnrilc  ChemicaV  ftiid  PpimIucu  employed  iti  the  Arte,  | 

Mniiurnct(ire*t.  Mi'tllriiit*,  fU-,     By  ALrutn  H.  Ai.i.»«,  P.I.C.     In  »*  vnl».  ', 
W  16*.     ;;pnif,ppr»ii»  ito  nppUcatiuii.] 

Volumetric  Analysis;  or,  the  Quantitative  Estima- 

iK'ii  i<1  r.'heiiili-«l  Sub^tHiiCi'*  hy  Motuurf.  Ily  Ktn^ci**  .■:*crroj(.  I''.<;.S., 
F.I.*:.    NiiiMi  K^htioii.    121  Ktiu-mvinjr«.    :iO<. 'tit-t.  \ 

A  Manual  of  Chemistry,  Theoretical  and  Practical.     : 

By  WiLtiiM  A,  Tti.OK.ff.  r».8i\.  F.R.S.,  rnjfp«*or  of  Chemlatry  (n  tbo 
Royal  (  'u11l>k«  of  Scienw,  Londun.    t  Plnteti  and  liR  WuoilcuU.    10*. 

Valentin's    Practical    Chemistry.      Bv    Dr.    W.    R. 

Hinn.Ri:<«()ii,  F.R.S.K.,  Profeswir  .if  l_'hemiBlr>-  ami  Pby»ic»  in  Die 
(tpliKiiue  ('•'tlet.'L',  WVnilivicli.  Tciitli  KilUiiju.  l"i  PUiU-d  ami  <*  Fiffare» 
iu  1.1. c  IV.itt.     !'••.  iicL. 

A   Handbook   of    Physics   and   Chemistry,   for  the 

tint  cxamitmtton  of  the  I'oDloitit  BtAnl.  Ily  Htaaxar  E.  CoKRrii, 
B.Sc.Lnnil.,  aiwl  Ai:rniBtLii  M.  KTKtrxRT.  B.ac.Ltind.  Thlnl  Eilition, 
]fV>  Uliiotratum*.     (b.  M.  net. 

.A   Treatise  on   Physics.      By  Akdbew  Gray,  LL.D., 

F.R.S.,  Pr».feis*i.r  t.f  Natural  PhilowiVhy  in  the  Univerftity  of  Ulaa^ir. 
Vol.  I.     I-iyiiatiiicft  and  Propcrtieit  nf  Matter.     :35<J  IlliiMnitiona.     16*. 

Qualitative  Analysis  and  Practical  Chemistry.     By 

FuAjrit  Ct.owi[<,  n.Sc.Irfinfl,,  Kmcritni  Profeaaor  nf  Clietnistry  in  Lbo 
UiuveniLyt'oUei^,  NuttiiiKhtt.m.  J^ighUi  Eflition.    Iiil  EofiTmviiiffs,  7f.  64. 

net. 

Quantitative  Analysis.    By  Frank  Clowes,  D.Sc.LouJ., 

rtiiit  J.  llKu.Hvitp  Coi.l:wA?l,  R.  L'.  Sc.  Ihildin ;  VrvtvMOT  of  C'liOtniatl^', 
S'MittiWuftt  Loti'loti  Polytei'hiuc.    Severn  b  EUiUuti.    I2i  KiigraviD^r*.    lOi. 


By  the  tame  Authors. 
Elementary  Practical  Chemistry. 


Fifth  Edition. 


I'ari  I.     (iL-niTttl  Chcmlatn*.     '»  KiiinTiviii(r«,     2*.  M.  uet. 
Purl  U.    .\niilytical  (liotulrtry.    li'  Kiiimn-injn*.    2k  *W.  net. 

Introduction  to  Chemical  Analysis.     By  Huqh  C.  H. 
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